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ELECTROCHEMICAL BEHAVIOR IRON OXIDIZING MEDIA 


The cathodic polarization iron has been the cbject number investigations, study the 
that the value the limiting diffusion current was the oxygen, 
investigation the cathodic polarization copper solutions varying 
again found linear relationship between the diffusion current and the Glasstone 
and Hickling poiat out that the current propertional the tion depolarizer when 


the are reversible, but for irreversible processes where the 
depolarizer and has value between and 


solutions, including oxidizing media: KNO, and found that increase concentration 


the direction more positive values; the region evolution, the curves for and 1.0 are 
practically coincident, 


have carried out investigation polarization solutions and 


(see Table), 


The preparation the electrodes consisted abrasive cloth successively from coarse 


finer grades (6/0) with water, and decreasing with The were cylindrical, 


having base diameter mm, and they were into jackets means Bakelite, descrited 


(saturated KCl), The arrangement was shown our previous.communication 


our the cathodic behaviur 6,1 and 1,0 KNO, have not 
found the concentration this oxidizing agent have Fiz, shows, the return 
branches tne cathodic polarization curves are 


for high current density the region 
the hydrogen the return branches, there characteristic the diffusio 


When the current has been cut off, the potential found greatly towards the negative 


OF even to zero te ane in chan 


cathodic curve when the solution passes than the curve for the still 


evolution the curve for moving liquid begins higher densities than the curve for the 
The return branch the curve displaced respec: 


tion regions the direction more positive Dis was observed for the cathodic curves 


given the solutions investigated him, The final after off the current more nega- 
tive than the criginal potential, The difference hetween final moving 


drogen 
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part, 


Polarization Iron Media (electrode values are given the hydrogen scale) 


Solution 


Current density 


retura 
path 


for the overvoltage hydrogen 


must slow down the depolarization process, the reaction for urea 

the jons, act catalytically this process, shows, urea appreciable influence 


the cathodic curve for iron 0.01 and ions does not play any 


the electrode potential the positive side and changes the the cathodic 


that, while displacing the the iron the negative direction, the ions did not 

somewhat higher than pure 0,1 KNO, (by after the experiment, flocs 
were found the cathode space, This may have due the cathode 


+250 — 
. 
78 


Current 
which gas 
return begins 


Appearance Electrode after Test 


Electrode glistening; thin yellow spots edges, 


Yellow spots places electrode surface, 
change. 


Surface light-colored and glistening, 
lectrode surface dark spots places, 
Darkening surface; insignificant pitting, 
Uneven layer and yellow corrosion products the electrode 
Electrclyte had become deep 
black removable film the electrode; the surface under 
this electrolyte greenish yellow. 


change. 
Electrode covered with fine crystalline biack powder, 
Dark gray corresion products fixed the surface, 


Black readily removable film the electrode; the sutface under 
this corroded, 


This colloidal solution formed the hydrolysis and con 


ins positive which 


The curve for iron, inves- 


concentration oxygen (0.001 N), de- 


path, path); still solution ferric ions, with corresponding acceleration 
with addition outward path, case studied Tomashov, the acceleration 
path) account ions has cath- 
odic mechanism, our case, the observed 


ferric with cathodic, but with anodic process, shown our communication 


path 
4.02°10 
$ 
Sa 
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Results investigations the effect the HNO, concentration the polarizstion iron are 
presented all the was maintained constant 0.1 Solutions 
various values were prepared dissolving the corresponding amounts acid 


number interesting rela- 
tions can established from the 
cathodic curves, Increase the 
concentration acid displaces the 
thehold the direction 
higher current density, 0.05 
HNO,, the polarization was found 
unstable, The return branch 
the curve for con- 
trast with curves for weaker solutions, 

appreciable polarization ob- 
served; the current densities with 
did not attain the diffu- 


The regions hydrogen evolution 
path) 


for different HNO, concentrations 
not vary The return branches 


the cathodic curves for solutions 
low concentration, nght 0.01 nor fom one another, and the region oxygen 


they the negative side the evident thai weakly acid solutions (uz 


0,1 N), off current, the potential displaced the negative direction from its original 


vaiue, because the oxide not reformed these solutions, 0.05 HNUs, the oxide film reformed when 
the current diminished, and 0,1 the not even very high densities, 
have studied the cathodic 
potential iron most positive 
When with current densities 
attain the diffusion 
this solution; the 
the compact black 
film was found the electrodes, 
and, remoying it, obtained 
Dependence the cathodic the con- proceeds according the equation 
process 1.128 


i 
a 


not coincide; the final potential about 300 more negative than potential, the region 
hydrogen overvoltage, the curve for 0,1 disposed more the negative than the 

curve for 0,1 KNO,; thus, the ential current density amp/sq.cm respectively 
and for these two solutions, 


was shown the previous 


communication the electrode poten- 


bility the electrode high values 
the region hydrogen evolution also 
displaced higher current densities, 
comparison with the curves for nitrate 
The and final potentials 


solution are coincident, 


Feebie gas evolution 
which corresponds the beginning 
hydrogen current density 
evident that, owing fairly intense 
corrosion, the concentration 
the soiution high that 
tion the cathode surface until the solu- 
path) 


current densities (1.94 

the cathode liquid, caused the sulfur the colioidal condition irom the ammonium 

determined the cathode curve with addition NH,OH (0,1 g-equiv. 

this case earlier neutral solution, The region hydrogen evolution begins 

lower than for the solution without the Flocs make their 

appearance the cathode space lower cucrent density than that which they appear neutral medium; 


SUMMARY 


nitric acid varying the being maintained constant, has been 
shown that increase the concentration acid displaces the diffusion the direction higher current 


and weakly acid solutions (up the the the currert has 
beeu switched off has greater value than inicia! potential, For HNO,, the the 
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cathodic curve inappreciable because the oxicizing properties ihe solution cause oxide formed 
the diffusion curve passes somewhat below the outward curve, 


has been found that there essential difference the courses the cathodic curves 0,1 and 


1,0 solutions evident that the main depolarizer neutral and weakly acid solutions nitrates 
dissolved oxygen, and not 


The effect ferric icns the cathodic polarization has been investigated, 
has been found that ferric fons, while displacing the initial electrode the negative direction, 
produce little change the further course the cathodic curve. 


The effect urea the cathodic poiarization iron acid nitrate solution has been investigated, 
this case, displacement the diffusion the direction lower density found, 
cathodic iron solution containing KNO, (0.1 and (0.02 was investigated, was 
found that this case the effect NO,’ ions cannot explained catalytic effect depolarization 
the aid acts depolarizer its own account, and greatly displaces the initiai 
electrode potential iron the positive changes the course the cathodic 


investigated, has been found that solution the iron electrode stongly polarized aad, the 
hydrogen has negative than that given solution the same current 


KMn0, solution over the range current density studied (up the 


density amp/sq.cm; additioa NH,OH reduces the diffusion threshold ammonium 
persulfate solution the current deasity 
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MECHANICAL PROPERTIES ALLOYS THE MAGNESIUM CADMIUM 


The phase diagram for alloys the system has been studied many our own 
scientists, One the first was Academician Urazov This system was investigated and Bulakh 
[2,3], Ageev and [7], Rovinsky and [8], Khomyakov, Kholler, and Torshkins 


and Grzhimaylo The system has been studied also number foreign 
investigators 


result, the pzesence three MgCd and MgCd, has established this 
Some authors cousider that, when alloys the system out, the 
MgCd formed from the and two other MggCd and make their appearance 
the solid state, when the lowered, result process, 


These authors assert that MgCd undergoes polymorphous change about authors find 

the this system yieid only solid from the lowered, all three compounds 
separate result the process, According the these investigations, the tempera- 
tures formatioa the compcunds MgCd, ane are and respectively. the solution 
these questions, use may made study the mechanical the However, far 
are aware, the mechanical properties alloys the magnesium-cadmium system, apart hadness determina- 
tions room have hitherto remained without The referred were carried out 
only cast specimens, well known that alloys attained appreciably more 
rapidly and completely when deformed specimens 


the present work determined the hardness, under dynamic and static 
conditions, and the pressure for cast aud system the quenched and annealed 
mark and cadmium 39.8% purity, 


introduced under layer melted cadmium, The the cast alloys are given the Table, 


Hardness measurements were made cast specimens, and about long, 
room temperature, The hardness the alloys was the aid Fobedite cone and was calculated 
from the formula 


Hy 


the imprints and permitted the load used the tests and the hardness values cbtained under 


various loads subsequentiy compared, The load used the hardness room temperature 


was kg. After hardness has been measured, the cast specimens into rods, diameter, 
The degree was 80%, and the the rods was 160 mm, The pressing was carried 


out 35-tonne hydraulic 250°, From the specimens prepared for 
city, and 


order determine the degree which the alloys the state and 
mine the amount aanealing for the attainment equilibrium, periods were 
acteristic points the curves for the the cast and deformed conditions, 


Composition 


After the annealing, ana with increase its dura- 
tion, minima began appear the hardness 
places that the composition compounds, 
When deformed specimens the alloy corresponding 
composition the compound MgCd had been annealed for 
hrs, the hardness value (70-80 did not change 
with further heating the annealing temperature, 
However, the hardness alloys having the compositions 
the other two compounds continued change beyond this 
period and attained constant value only after an- 
nealing; this evidently, the greater 
rate which the compound MaCd attains 
compazed with the compounds and the 
process bringing the alloys equilibrium annealing, 
alloys having compositions approximating the compounds 
and The hardness curves determined room 
temperature for ailovs have been annealed for days 
show for compositions corresponding each the 
three indicated, they show the least scatter 

the hardness values (see curve a), 


the basis the resuits these 
and also previous investigations the rates 


mof change the solid the given system the for period days; 
days annealing was carried out for the homogenization, day was then given 


mat ternperature somewhat less than the temperature eac 


the homogenization temperature, took into the fact that the temperature must high 


nough for ail the alloys pass into the solid 


but not high appreciable evaporation 


the readily alloys system, All the alloys weze for annealing evacuated glass tubes, 
nnealing was out muffie furnace, The was the aid 

static and dynamic conditions were out room the alloys that had been annealed 
six days according the procedure given The tensile done machine with 

The load the cests was kept the test, while the available 
were not taken the destruction the specimens and height ram, 


part froin the haz 


The tensile strength (kg/sq.mm) the alloys was the formula 


the maximum kg, and the cross-sectional just bieak, The plasticity the 
was determined the change the height the specimens and was from 


ere the height the specimen before the test (mm), and the height the specimen after the test 


will seen from the rezults that annealed alioys having the composition chemical com- 
ounds are distinguished room low hardness and and compared 
tested for under compression, they show enhanced plasticity and d), The maxima 


and strength and the minima for that are observed curves for these 


- 


TABLE 
3 20 53.6 18 56 85.5 
— 
formula: 
& 


alloys, should ncted that the instance the solid solution regions are continguous, and, from the 


measurements the mechanical were unable detect the presence heterogeneous 


regions when passing, changing the the components, from one solid solution 


(dynamic alloys quenched from 


high 
the tendency the alloy 


were carried out succession, mea 


were made not specimens quenched from 280°, 
resuits obtained tests room specimens 280° and 200° are giver: 
observed any the curves for 


the quenched fom 280°, The the 
curves are typical for solid solutions, 


385 


The hardness and strength the quenched alloys rise the percentage content either component 
tises from zero, and they attain maxima avout atom Cd, shculd noted that having composi- 
tions compounds have higher hardness and strength, and lower piasticity, than the corresponding 
annealed alloys. For example, the alloy containing atom (the compound had after 
quenching 100 which was reduced 75-80 about 25%, when the alloy was 
aanealed, The this alloy was reduced the annealing process 45%, the plasticity rose 
60-70%, When hardness measurements are made alloys which have been maintained 200° for day and 
then water, single minimum observed the point corresponding the compound 
the mechanical properries the and quenched alloys were carried out also 
temperatures, All the alloys were tested for 280°, and composition approximating 
MgCd wers tested aiso the alloys were tested for plasticity under dynamic conditions 


and the tensile ard efflux pressure were determined; also 280°, for alloys composi- 
tion 


the testing annealed high temperature, they were the required temperature 
and while the machines for one were then tested the method used normal tempera- 
protective medium was used tests The results measurements mechanical properties 


The courses the curves representing hardness and plasticity measurerrents the alloys have 
the same character the courses the curves for alloys qienched from this temperature, was expected, 
280° the hardness the alloys less, and their plasticity considerably higher, than room 
temperature for quenched The identicai qualitative character the curves representing the properties 
alloys quenched from 286° and for 220° indicates that the disorder order 
process that occurs when the temperature this sysiem proceeds comparatively slowly, and 
hence possible, the present case, make use the quenching method and then measure the properties 
ordinary Wher measurements are made hardness and and efflux 
280°, alloys the region the compound special points this com- 


confirmed the results the mechanical tests, Thus, 
alloys corresponding chemical composition the 
compound MgCd which have been quenched from 
solutiun, When this alloy has been annealed, slippage 
compound (Fiz.4, this shows that the compound 
temperature; hardness 280°; piasticiry for the first time, 
alloys, has been confirmed that the compounds 


temperature, 


The curves for the mechanical properties 280 and 350°, and aiso the curves for alloys quenched 
from these sive indication the presence the compound has therefore 


that the compound uot from the but from the solution, typical 
compound, 


The compounds MgCd ard considecable regions and are distlnguistied 


See Plate, page 
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their high plasticity and low hardness, compared with the solid solutions from which they are formed, 
October 23, 1951 Kurnakov Institute General and 
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COORDINATION NUMBERS AND HYDRATION THE IONS Li*, K*, 
AND AQUEOUS SOLUTIONS 


Ya. Samojlov 


has been shown previously that every water molecule solution acid may the average 


represented where the electronic charge and small positive charge associated 


with the presence the water molecules excess proton, this measurement the heats 
solution salts acids, e.g. HCi, permits evalustion the coordination ions aqueous solu- 


tions, the average numbers water molecules that comprise the immediate the ions 
solution, 


have measured the heats solution 25° aqueous solutions various concentrations 
the following salt: LiCl, KCl, and The measurements were carried out 
calorimeter baving isothermal The procedure used nas been described previously The amounts 
the salts.taken for solution were such yield solutions containing about mole salt per moles 
water (in the case that the concentration was small, For each salt, the final 


twa 


The dehydration lithium recryst.) was carried out heating edmixture 
with chem, ammonium prevent and then remove NH,C! 
The hydrates and were obtained maintaining the salts the sodium bromide 


was recrystallized) desiccator temperature (15-20°) over and 59% sulfuric acid respectively until 
corstant weight was attained, 


The results are given Table this table the heats solution water-of LiCl, NaCl and 
according the data Lange given also (the figures are interpolated from data the 
salt employed us), relation between the heats solution and the 
tration the solvent shown, The curves are dispiaced along the axis, the same scale being 
for all the curves, The heats solution are givea kcal per mole salt The concen- 


within about 


The heats solution the hydrates and were measured, but the siopes the curves 
obtained were precisely equal the slopes the curves for the anhydrous the difference heat sulution 
between the salt and the hydrate for given final sait concentration constant equal the heat 
hydration the salt_ the interpolation the data Wiist and Lange [3] for anhydrous NaBr and 
and water, determine the heats hydration anhydrous NaBr and Nal the dihydrates, They are 
aad 5.95 known that the heat hydration aqueous solution higher for:: 
than The fact that the heat hydration the anhydrous the dihydrate lower for NaBr than for 
emphasizes the impossibiliry comparing heats hydration ions the solid phase and solution. 


The curves have very Jow and the effect the heats solution the salts 
may characterized the slopes AL/Am certain straight lines, doing, the units 
for the expression the more less the only thing that essential for our further 
that weight nits should used, Table the values are given for the investigated salts 

are expressed mole per wnit change 

the concentration HCl the solution which dissolution the salts under 

tion there increase both the concentraticn ions, which corresponds increase 
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TABLE the positive charge each molecule 


the solution and also the concen- 


ous solutions, only the increase the con- 
. 
ions the dissolved salts the greater 


negative chazges the ions, for the 


| 
However, the immediate surroundings 
0.32 0.00 The same can said the surroundings 
dilute solution). the first co-ordina- 


distributed outside the first coordi- 
nation layer, but they have effect 
the heat The point 
that the energy their interaction with 
ions depends insignificant effect 
the ionic assumed depends only the ionic charge*, and interaction with cations 
dissolved salts interaction with anions, Thus, the heat solution salts changes with in- 
rease the acid the solvent only resuit the influence increase the effeciive 
charge the water molecules that comprise the immediate the dissolved The 
lopes the heat solution curves are determined the the erergies interaction with 
ations and with anions, these energies depend the average numbers wate: comprising the 
The energy Coulomb interaction the positive charges the iors solution 


cid with cations and anions having unit charge may written respectively: 


where there rapid diminution orderliness the relative dispositicn the distance be- 
their that this dependence ceases have beyond the limits 
the first coordination layer is, course, well known simplification, 


4 


aqueous solutions HCl: according the re- aqueous solutions and 


reference tables, 


TABLE where and are the coordination numbers the cation and 
and and the distances the charge the water molecules 


first zones the the centers the ions, 
The minus sign corresponds here the repulsion the positive charges from the cations the dissolved salts 


shall assume that the charge related the HCl concentration according the equation 
(this, course, from the mode! which have based all these regards 
the has any case value for low HCl concentrations, and, this connecticn, the 
the curves should compared for different salts given HCl However, the 
iesults (an linear relation between and indicate the proportionality holds over 
wide HCi permissible compare the mean slopes the curves 
and are not known, owing certain indefiniteness the position the charge inside the water 


molecule and the orientation the ion with respect the ions the dissolved 


the position the not likely that this process lead error: the two 


that can assumed for the ion respect the ions the dissolved salts, one 
Thus, 


= 
f 
j Fe 
i 
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The factor arises because and are while the radii the ions and wate: molecules 
are given 


multiplying (1) number and the erg-calorie conversion factor 
and introducing the symbol for Nek, the energy associated with the inter- 
action the dissolved and the positive charges water molecules acid 
pressed calories per mole 


accord with the proposed the effect tons the solution salts, 


where the heat solution ihe sait Thus, 


Writing down the difference such expressions for two having identical anions, but different cations, 
obtain 


(3) 


The expressions and (3) evaluate the quantities and ng. there 
the relation between the coordination number the icns ard their hydration 


numbers caanot used directiy for the characterization the hydration the 
fons, since the sizes the iors would not then taken order characterize the hydration 


layer ions, 


where nis the coordination the ion, its radius, and the area the first coordina- 


tion sphere The value for the individual ions may compared with the value for 
molecules 


the centers adjacent molecules water, 25° 


nce between 
and have the values, 4,6 and 2.90 


expedient characterize the hydration ions the density the water moiecules 
around them the hydration aqueous solutions manifests itself the the 
the motion water molecules the nearest water molecules), have 
shown [5], the density distribution particles liquid related movements, 


The prime used distinguish from the known distribution which 
volume 
The radius the first coordination sphere must here considered equai the mean 
between the centers molecuies water, has been with adequate accuracy Morgan 
and crystallographic for the ions and used owing the absence 


relizble the mean distances between the centers the ions and the centers the mole- 
cules that are them aqueous solutions, 


q 
; 
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dersity; diminuticn the motion corresponds increase density, 


has been shown that ions that undergo hydration increase the activation energy for the viscous flow 
the neighboring molecules, diminish their translatory motion [6,7] and hence foi such ions 


(4) 


the other hand, number increase the motion the neighboring water 


molecules (this case has been calied. For such ions the following 
hold: 


the ions that are hydrated and the upper limits the coordination numbers the non-hydrating ions 


From comparison the values for NaCi and NaBr possible indicate the 
lower limit the value the and Subtracting the expression (2) for NaBr from the 
expression for NaCl, obtain: 


from wil) seen that since the other hand, compazison the heats 
the ions and and also number properties chloride, bromide, and iodide 


leads the view that this series the negative hydration the ions increases, The inequality 


obtain the lower substituting (7) upper limit From the expression 


are now position indicate the limit Fiom expression (3) for Nac] and 


199) 
s 


from which follows that 2.95, since and 976, From expression (2) for 
possible determine the upper limit the number the lithium ion; 


make use the slope the curve the dependence the heats solution 
its the limits possible values nacrowed, and the value can evaluated, 


The difference between the heat content moie infinitely dilute solution and solution 


concentration associated with the ions the sclution with chioride ions, 


aad among themselves, not see that for low the follo ring equation, analogous (2), 
obeyed for the curve 


where the coordination number water not enter into the immediate 


The peculiarities water are here significance the the molecules around the 
fons under consideration, 
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water has the value 2,90 (the mean distance becween neighboring molecules water 
accoraing the radial distribution curve) 


Subtracting equation (2) from obtain for 


evaluating this way from the determined 
TABLE values the aid equations (2) and 
(3), shall find the coordination the ions 


The values found are close the mean 
coordination number water mclecules water, 
which points the determining significance the 
water for the structure dilute 

not differ essentially from the conclusions Bernal 

Fowler who, the basis calculation the 

energy the ions the water molecules 
the solution, considered that the number singly charged ion aquecus solution 


conclusion express thanks Kapustinsky for his cooperation the performance this work, 
SUMMARY 


solutions various concentrations have been measured 25° calcrimeter with iscthetmal 


thermochemical method for the evaluaticn coordination numbers icns aqueous 
has been developed, The coordination K*, have been determined 25°, 
dilute solutions they are close the number the water molecule water, 


the molecule respectively, the surfacé water molecules the first 
coordination layer the ions, For ions that undergo and for non-nydrating icns 
hydration) 
Received November 1951 N.S. Institute and 
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NATURAL SORBENTS THE FAR EAST 


COMMUNICATION ELECTRON-MICROSCOPIC. INVESTIGATIONS NATURAL SORBENTS 


surface that accessible and liquids attaia the area tens hundreds square meters 
per gram material; these bring together under the general name Natural sorbents, 
owing their ready accessibility and low cost widely used industry, the investigation the quality 


natural sorbents, meet with the necessity studying their skeletal structure, the degiee dispersion 
the particles, and the structure thee particies, 


For the main natural sorvents are complex polymineral formations with varied structure their 
comporent particles and the nature the surface these particles, Adsorption investigations 
obtain the structure the pores and the size distribution the pores, and the application 
the electron the investigation the skeleton the naturai sorbents permits conclusions 
drawn the degree subdivision the product, the forin the particles that 
it, and the character the and transitional porosity the natural Apart from this, electron- 
the given naiural sorbent and estimation their approximate Hence embarking 


investigation the sorption properties and structure sorbents, made use the 
pic: method investigation, 


conjunction with chemical and thermographic cnalysis, the electron-microscopic method 


gation permitted, many cases, the the mineralcgical composi- 


tion the sorbent, The procedure used che investigations was follows, The 
adsorbent powder was shaken with water and aliowed stand, generally which drop 
the suspension was applied collodion film, which served support, When had dried, the 
was the electron the most places were photographed, 


Electron-microscopic: Investigation the Main Types Sorbent 


The natural sorbents comprise minerals composition and origin and higb 
absorptive power, The main typical natural sorbents may 


ash and weathering products; 

agglomerste old quaternary volcanos; 
bentonite clays: 

diatomites, 


Ash Tuffs and their Weathering ash tuffs formed the 
tion ash water and did not later tendency not observed even the 
detritus masses tutf their chemical the ash iuffs are very and may 


considered analogs the The formation ash tuff deposits belongs the pliocene 
upper miocene, 


Weathering have affected ash tuffs the No, and samples 
ash volcanic ash, across and with weil defined edges, are ov: these there are 
readily visible, The formation minerals the weathering ash tuffs 
also the results analysis, The thermogram sample No, tuff, the 
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which shows high degree weathering under the electron (picture the thermogram 


indicates the presence mixture the minerals halloysite and montmorillonite, their 
characteristic endothermic effects, 590° for the first, end 695° for the second, 


The process disintegration particles 
volcanic ash seen particularly clearly photo- 
No.7, which single grain volcanic 
glass has undergone surface disintegration with for- 
mation fissures and translucert plates argil- 
laceous minerals, photograph sample 
decomposed tuff No, 20, thcre can seen large 
numbers platelike crystals 
and characteristic montmorillonite, The 
and halloysite from 

specific surface these minerals and rise 

the limiting sorption values vapors, 


ermogram Sample No.18 Ash Tuff 


The takle che results determina- 
ticns the specific surface and the 
vacuum sorption appazatus 


Decomposed Tuffs. 
Geoiogical investigations have brought light 


serve sources porous, spongy tuff 
Slag cone material 
extent that depends the amount 
that occurs under the influence 
atmospheric (water ard carbon dioxide), 


undergoes decompesiticn with formation alu- 
clay-like minezals, 


tre pores the agglomerate 
becomes mors open structure, and, the 
agglomerate cre characterized fairly high (see The electron-micrographe 


Nos 11, samples decanposed agglomerate tuffs show the high dispersion the constituent particles 


and the conversion considerable part the yolcanic glass mineral montmorillonite, 


The high deyree dispersion the particles the decomposed tuff with 


Bentonite Clays. has been possible establish means the electron microscope that samples 


their power not great, but activation leads sharp rise sorptive capacity. contrast 


polymineral formations, such the decomposed agglomerate tuffs, bentonite clays consist mainly montmor- 


illonite, can seen from large number electron-microscope that have made 


some cases the electron microscope permits the ready identification minerals, they 
are the type, For example, i5, which sample kaolin from Glu- 
crystals pseudohexagonal form aze excellently visibie, and can seen that the whole 
miass the clay these crystals, Examples the the 


mineralogical composition 


sample kaclin wes presented Kuadzhe, whom the authors express their indebtedness, 
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Fig. 14. No. 43, Mont- 
morillonite clays 8600). 


= 
wet 

a 

ly 


15. Sample kaclin Fig. 16. Diatomaceous sludge from sea 


Fig. 17. Diato:naceous sludge 
8000). 


bottom, 820 deep, No. 161 from sea 820 


“ 
> 
a 
‘4. 
a 
+ 
‘ 
ie 
| 
P 


TABLE and 


benzene surface catried very effectively 
hysteresis saturation siliceous diatom skeletons 
(tests No, and 142) also 
parts which given 


the sea horizons 


photographs should great interest examination the electron microscope 


and rnodern deposits indicates the greater the silicecus skeletons 
the evidently because the greater sorptive the latter, compared with 


sludges (sce 


SUMMARY 


made concerning the character the subdivision the basic material composing the mineral, has enabled 
ideas the dimensions the particles, i.e. the degree aispersion, obtained, 
and, with knowledge the chemical composition and with the thermal analysis, has, 
indicated the basic mineral formations the given sorbent, For monomineral 


into their separate components, which with samples monomineral substances 
(kaolinite, halloysite, etc.) definite composition and structure order give quantitative 
idea the mineralogical composition the under investigation. 
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THE EFFECT ALTERNATING CURRENT THE ELECTRODEPOSITION NICKEL 


Alternating current widely used the study various kinds electrochemical also for 
improving number processes. Thus, alternating current used the study 
the structure the electrical double iayer for the elucidation the kinetics the formation and disso- 


lution oxide films the study the discharge and ionization [3], and also for the ancdic 
dissolution various metals (Cr, Mn, etc.) [4]. 


Studies have been made number the effect the superposition alternating 
current the cathodic process Thus, Kudryavtsev, and 
Berkman [5}, Kohlschutter and co-workers [6], have noted reduction the polariza- 
tion the cathede the elecirodeposition nickel, There are also papers showing that the superposition 

spite these this subject, the causes the change electrolytic deposits 
the reduction the degree polarization the electrode remain the present 


some supplementary data conceming the effect alternating current the electrodeposition nickel are 
brought 


EXPERIMENTAL 


our study the effect current the structure deposits nickel 
electrode for the superposition the nickel was carried out from 
the following composition; 


Nacl 4 £70. 5 g/liter 
H,BOs eeeeee--ve# e 30 g/liter 


For the nickel the density the current 
was varied amp/sq.dm, and the density the superimposed 
was formed direct current density with superimposed 


cycles/sec a.c. the same density. For the deposit shown Fig.4, the d.c, density was and 
the density was 


increase the size the crystals the deposit, but density the grain size increases 


evident that this increase size observed only when the value the superposed 
alternating current exceeds that the direct current, 


Besides studying the structures electrolytic deposits nickel, examined the effect the super- 


the deposits with the aid the electron Piate,p. 
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position alternating current the porous character the these investigations electrolytic 
deposits nickel were obtained from electrolyte the same composition density 
the density being varied from amp/sq.dm, ‘rhe thickness the deposit was 
The number pores was determined the aid reagent the following 


Ky Fe(CN),. @ . 20 g/liter 


The reagent was allowed act mir, The pores were counted under the microscope magnifi- 
cation The experimental results are given Table 


Dependence the Pore Dependence Pore Density the Frequency the Alternating 
the Relative Densities the 
Direct and Alternating Currents 


(amp/ (amp/ Number pores per sq.cm 
The pore density results 
are average from will seen from these results, when alternating 
experiments, current density 1-2 superimposed, the 


pores diminishes Besides studying the effect the 

density the investigated the effect 
mthe frequency the current the porous nature the deposits nickel, Table shows the 
the pore density the frequency the alternating current, will seen from Table 

alternatirg current has effect the pore density electrolytic deposits nickel, 


DISCUSSION RESULTS 


evident when there superimposed cucrent greater than that the 
conditions are created cathode that lead not only intensive growth the nickel crysials 
but also their periodic dissolution association with the changing the alternating curzent, 

that the electrolytic deposit the cathode consists crystals size (which indeed 
most cases, Fig.2), then may supposed thar when the the current changes mere will 
the fine crystals, owing their greater excess energy and lower 
stability when compared with the larger 


a » 


ifficult, owing rhe absence exact data the surface tension the crystals sotid metal, 
particular and secondly owing the difficulty establishing the exacc between ovei- 
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acidity the layer adjacent result the hydrovide particles formed. 


partial removal the nickel hydroxide, 


a 


calculations from equation for the deposition silver [9] have shown that for ten-fold 


changs crystal dimersions and the overvoltage for silver deposition changes 


only When considered that the order magnitude the overvoltage for dissolving nickel crystals 
scarcely changes comparison with that silver with variation crystal that the 
arising from differences the crystal dimensions nickel very with the 
the rate crystals due variations size cannot play important part the 
tion nickel, and thus impossible explain the increase size nickel crystals when alternating current 
superimposed the result merely dissolution small crystais, 


Another possible explanation When nickel occurs the course 
electrolysis, there occurs the discharge not only nickel ions, also hydrogen with the result that 
particles hydroxide are formed directly the surface the electrode, neutral 
weakly acid solutions These particles, which the cathode together with the depositing 
act passivators, hindering the growth the nickel crystals, result this inhibition crystal growth, 
finely crystalline nickel deposit According Billiter these (passivators) may 


detected the form black embedded matter the boundaries the grains examination metallo- 


The formation finely crystalline nickel resulting from the action the hydroxide, which 
formed the cathode and becomes embedded the deposit, has been noted also other authors 
fact, when the deposit analyzed, certain amount oxygen can detected, which the 
embedding hydroxide the has [12-141, 


the basis the above discussion may regarded probable that the finely cry- 
stalline structure the electrodepositinn nickel due crystal growth. The superposition 
alternating current ihe nickel must reduce the effact these passivators, since the 
particles not only separate electrode owing their positive charge, but will even move away 
from the electrode,. the other hand, owing the the electrode; the 
occur there, leading acidification the solution adjacent the electrode. the 


These two processes will a.reduction the concenmation hydroxide, i.e.of the inhibitor crystal 
growth 


high overvoltage value for the nickel explained the difficulty, 
due the inhibiting effect adsorbed hydroxide the electrode surface, nickel 


the basis this discussion evident that, the causing passivation the crystals are 
removed, conditions are created that encourage the growth individual crystals, and the factors preventing 


coalescence are removed also. Curtailment the growth group growing crystals appears 
one the causes the pores between them 


Reduction the number porcs when alternating current explained reduc- 
tion the che passivators that inhibit the growth and coalescence the growing 
crystals cnd prevent the formation more compact deposits, The absence any effect due the alternating 
current the number pores electrolytic deposits nickel when the frequency may ex- 
plained the fact high frequencies the the solution the layer does not 
the semoval hydroxide particles from the layer occur owing the high 
frequency with which the direction the current changes 


SUMMARY 


The cffect alrernating current the nickel has been has heen 


shown that, when alternating current greater than certain density the deposit 
coarsely crystalline structure. 


has beer shown that, when alternating current the number pores electro- 
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gradually disappears, 


current the structure the deposit and also the overvoltage for the discharge nickel ions, 
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STUDY OXYGEN EXCHANGE VANADIUM CATALYSTS THE USE 


papers have appeared recently the literature the application heavy oxygen the 
study the mechanism oxidation reactions, Karpacheva and consider the catalysts 
undergo oxygen exchange their catalytic investigations oxygen exchange copper 
oxide, manganese dioxide, aad vanadium pentoxide they all these cases oxygen 
exchange occurs, 1940 Morita [2] published work showed that manganese dioxide 400° there 
cobalt oxide, and nickel oxidé, which were prepared oxidation metal foil with 


and about authors that there parallelism between the degree 
oxygen exchange and the active the catalyst. 


asserted that oxygen exchange does not occur carefully dehydrated catalyst Also, exchange 
was detected with the reaction product They explained the divergence hetween their results 
and those and Rozen the use the latter catalysts that had not been sufficiently freed from 
moisture, Presence moisture the catalysts facilitates oxygen exchange and makes difficult estabiish the 
mechanism the reaction, Owing the existence suck data the literature, essen- 
tial, before studying the mechanism the oxidation determine the degree 
oxygen exchange oxide catalysts mild and severe cxidative effect. Oxygen exchange was studied thr 
temperature for the time used the oxidation reaction 


EXPERIMENTAL 


The exchange was studied under static conditions the apparatus shown The gas passed from 
the gas collectors 31-35 into the manifold and was introduced via the tap the reaction vessel 23, The 
was situated electric furnace 24, the temperature which was maintained constant within 


The procedure was follows: weighed amount was placed the reaction vessel, 
protected means solid carbon dioxide from grease vapor, and activated for several hours 450°, The 


required for experiment was then and the catalyst was maintained this 
for hour, 


Heavy oxygen was obtained the water, coutaiaing The analysis 
the oxygen was carried out before and after the exchange the mass ‘rhe oxygen first 
mixed with carbon monoxide and burnt platinum wire the reaction vessel give carbon 
which was out means liquid the tubes 28, which were fused off from the and 
comparison with natural was determined, Tne for the orignal oxygen 
was The results the mass-spectrometric analysis were accurate within 


The exchange experimerts were out two methods; 


Oxygen was sorbed catalyst chat not contain heavy When sorption 


was complete, the residue oxygen was Pumped out, oxyyen was into the gas phase, and was 
maintained over the for brs, 


Heavy was into the catalyst with the vapor oxygen water 
apparatus for dynamic The content the catalyst was 100y This 


was maintained atmosphere for The reproducibility the cnalytical results 
different experiments was quite satisfactory (see 1). 
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Fig. Diagram static apparatus for the study oxygen exchange and 
the oxidation hydrocarbons with heavy oxygen: oil 
mercury diffusion pump; manifold; stop-cocks; 19) 
tion vessel burning CO; 20) McLeod gage; 21,22,25) traps for 
freezing out; 23) reaction vessel; 24) electric furnace; 26,27) fore- 
28) tubes freezing out 25,29,30,41) traps 

for analysis; 31-35) gas 


TABLE 


Results Oxygen Exchange Vanadium Peatoxide 


Various oxidation catalysts 
were used: 


chemically pure, 
having the lattice para- 


for 420 min, 


has tetragonal lattice 
having the parameters: 4,51; 
The deta the reference 


(Strukturberichte) are 4,54, 


catalyst; 
MgO, 


Sorption Oxygen 


the work Karpacheva and 
Rozen [1], relation was found be- 
tween oxygen exchange and activated 
sorption, The authors supposed that 
activated sorption probably stage 
the exchange process, and they 
brought forward data concerning the 


parallelism between the sorption and the extert oxygen exchange. The extent the exchange 
related the mobility oxygen the lattice and the catalytic activity the material. Therefore, 


connection with in- 
vestigation oxygen 
change catalysts 

mild and severe oxida- 


Catal yst Enrichment Note tive effect desirable 
coefficient 


oxygen them the 
temperatures the oxi- 


1 | ¥20s & e-¢ 350 1.0 pore dation reaction. The iso- 
2 Ditto 6 « ¢ 2 350 1.0 coefficient oi ther ns for the sotption of 


versible the charac- 
ter the isotherms shows 
that activated 
oxygen occurs all these 


have previously [6] studied the sorption oxygen magnesinm chromite, typical catalyst for far- 
reaching oxidation hydrocarbons, For this found relation between activation energy and the 
degree sorption, The distribution surface sites with their activation energies obeyed 
exponential law, represent the kinetic sorption curves obtained the sozption oxygen 
coordinates (log log t), all paints are found lie straight line over range times exiending 
over three magnitude (Fig. other woids, the kinetics the acuivated sorption oxygen follow 
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equation 


where time; and are constants; the gas the temperature; 


where factor that enters into the rate constant; and the 


: 


- 


Isotherm for sorption oxygen 


Isotherm for sorption oxygen 
250° 


- 


Isotherm for sorption oxygen 


450° 


has shown [7], this the typical kinetic equation for activated sorption 
surface characterized activation energy function exponential form for the adsorption process, 
which the activation energy for the process activated sorption: log 


The active sites rises with iucrease the energy buth for and for 
(see Fig.8 and curves and The sorption oxygen considerably greater than 
point that presence moisture the pores the catalyst considerably oxygen exchange between 


the catalyst and the gas phase was necessary the effect moisture the catalyst 
the sorption oxygen, 
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(low activity) 300°; isotherm coordinates (log and log t): 

sorption isotherm for oxygen presence isotherm 250°, sorption isotherm 


Fig.8. the activation 
energy distribution function for the 


rig. 10. Sorption isotherm 
350° presence 


pass the reaction was the Residual aqueous vapor was 
pumped off. The sorption isotherms for dehydrated V,O; presence moisture are given Fig. 
The amount sorbed oxygen given temperature reduced presence moisture. Experiments were 
carried out which showed thai presence moisture the reduces 
This change the sorption points the blocking the water active sorption centers, 


sorption oxygen. 


the other hand, presence moisture the surface the catalyst reduces both the amount sorbed 
and the rate sorption. The 


surfaces vanadium catalysts and magnesium chroruite are heterogeneous with 
the activation energy for the oxygen. The form the function for activation 
energies the same for both types catalyst, Consequently, both and 2!so magnesium chromite, 
there assembly sites varying activation energy for the oxygen, which 
the catalytic oxidative process, Nevertheless, doubtful whether the heterogeneity 

the surface with respect activated sorption oxygen can explain the the the 
tion hydrocarbons and far-reaching reaction), Study oxygen exchange these catalysts ought 
give idea the mobility the surface during the oxidation reaction, 


Oxygen Exchange Various Oxidation Catalysis 


The results oxygen exchange vanadium pentoxide, vanadium tetroxide, and magnesia-chrome 
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catalyst are given Tables and The content natural carbon dioxide taken the unit, the 


for unity, then there exchange between the oxygen the gas phase 
and the oxygen the 


TABLE Hence, absence moisture 
and presence the reaction product 


tions oxygen exchange proceeds in- 

significant extent, the enrichment coeffi- 


result the oxidaticn hydro- 
carbons the surface the catalyst, 
moisture will always present and oxygen 
exchange will consequently occur, From the 
ture; the show, the extent which desorption occurs not presence 


oxygen the phase and the the two proceed simultaneously: oxidation 


the the oxygen the catalyst, oxygen fom the gas phase 


The races these two reactions are catalysts and catalysts that promote 


Tr ie 


SUMMARY 


vaticn oxygen sorption, 


method analysis has been epplied the study oxygen exchange 
heavy oxygen, 


Oxygen exchange has been studied mild and oxidative effect the 
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CATALYTIC HYDROGENATION UNSATURATID COMPOUNDS HAVING 
SYSTEM DCUBLE BONDS 


Lebedev [1] expressed the opinion addition hydrogen conjugated dienes presence catalyst 
(platinum black) may proceed various ways, the structure the diene, and proposed that 
dienes should divided accordingly into the following four types. 


Type Hydrogenation dienes this type proceeds strictly selective fashion two stages, the 
first stage addition hydrogen occurs exclusively the 1,4-positions the conjugated system with 
ethylene compound having double bond between atoms and the original system, the 
first stage hydrogen goes exclusively according Thiele's rule, The curve this process 
should have break ccrresponding the moment which addition the first hydrogen com- 
plete and reminiscent form the hydrogenation curve for binary mixture compounds 
differing degree substitution, which will hydrogenate different rates, Lebedev supposed that 
compounds type compounds which all four hydrogen atoms the iirst and fourth carbon 


must remarked, however, that Lebedev, while ascribing the first type 
brought forward data support this view and, gave neither 
curve, nor the reaction 


Type case addition hydrogen does selective and the reaction pro- 
ceeds all possible directions, the 1,2-, 3,4-, and the conjugated system; complete 
hydrogenation occurs, this case the process does according scheme, and the rate 
curves very complex form, For example, the curves for the hydrogenation 
each have three distinct sections; the curve for isoprene has four, Also, one molecule hydrogen 
compound this type accompanied change the active components the mixture 
hydrogenation. The kinetic curves for the reaction not therefore show this the 
break occurs considerably the amount hydrogen required for complete saturation 
system has added— and corresponds the disappearance the initial diene. called 
this "the critical point for conjugated system®, All substances whose hydrogenation 
and 


referred this type being possible, but never observed any 

experiments, this case che hydrogen must add the extent two molecules give the 
saturated compound, During the whole hydrogenation precess the products must consist mixture 
the fully hydrogenated substance and the original diene various proportions, Hydrogenation curves for substances 
type will nct have breaks, but wili the hydrogenation curves individual 


Type IV. the conjugated system compounds this type does not take 
place all, Tue separate bonds are hydrogenated their own aad 
diene Within this type Lebedev supposed two possible, 
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Type IVA. The double bonds differ degree substitution: 


this case they are saturated hydrogen differing rates, and the curve will show 
break the point for the addition one molecule hydrogen, general, the curve for this type remini- 
scent form that for type with the formed this case addition one 
molecule hydrogen will product the conjugated system, should noted that there 
not single example Lebedev's work substance that undergoes hydrogenation according type 


Type IVB. this case the double bonds are identical degree substitution; 


The two double bonds will hydrogenate simultaneously, and the hydrogenation curve will 
the hydrogenation process interrupted when the addition one pronortion hydregen occurred, 
the preduct will consist mixture the original diene, (1,2 and 3,4 hydrogen 
products), and the fully saturated substance, Products the 1,4-addition hydrogen the 
system will absent among the incomplete hydrogenation, possibie regard 
example this type; fact, the hydrogenation curve for 2,4-hexadiene presence platinum black 
has, according Lebedev, break the point corresponding addition 70% hydrogen, but Lebedev 
not give the analysis reaction products that necessary that 2,4-hexadiene may with certainty ascribed 
type type Thus, alieady above, all the substances investigated Lebedev must 
ascribed type the scheme classification that has proposed, for the addition thera hydrogen 
presence platirum proceeds all possibie directions, 


The statements and [2] and Ingold that the catalytic hydrogenation 
compounds having conjugated double bonds possible fer the conjugated system become completely 
saturated one step with formation the fully compound and the 
compowid formation have not teen cénfirmed and were evidently the 
results defects the procedure used for the investigation the reaction The observation Paal 
that presence colloidal palladium piperic acid goes direct tetrahydropiperic acid, was not coa- 
firmed Ucbedev [5], who showed that both and absence black piperic acid 
hydrogenated according type The more recent Farmer and Galley has shown that the 

partial hydrogenation doubiy unsaturated acids haying bonds hydrogen adds 
several ways according The reaction products were analyzed 
the aid oxidation and ozonization reactions. was shown also Farmer and Hughes [7] that the course 
the hydrogenation these compounds depends the nature the catalyst and the solvent. The ratio 
reaction products varies somewhat different catalysts; variation the solvent affects only the rate 
hydrogenation, and not the manner which hydrogen addition occurs, the experiments Farmer and Hughes, 
palladium always showed selectivity greater than that nickel, 


Dupont and co-workers [8] studied the hydrogenation and 2,3 
presence nickel, Analysis the products the these with the aid 
their Raman spectra, showed tiat adaition half the total hydrogen each these leads the 
formation boti: olefins having the double bond the 1,2-position and also olefins having 


Young and co-workers [9] showed that butadiene, full agreement with results, hydrogenates 
according type presence one the following four (from the oxide), palladium 
(from the oxide), (deposited sulfate), and Raney The lower selectivity hydrogena- 
tion presence platinum, with pailadium, was observed also Young. Also, showed that 
the nydrogenation process possible for the bond undergo migratioa; thus the 
hydrogenation 2-butene extent about 20% presence the catalysts was that 
occurred; the composition the residue was 8.5% 1-butene, 20.5% cis-2-butene, and 71% 
such double-bond migration generai phenomenon the hydrogenation process for dienes, then 


this reaction that are the structure the 
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This review work the catalytic hydrogenation compounds Laving system double 
bonds shows that practically all such compounds are hydrogenated non-selective fashion, according 
type observed hydrogenation only when certain groups are the 
molecule groups), Thus Kazansky and Tatevosyan [10] observed that both the presence platinum 
black, and also presence black the first two hydrogen 
molecules add the two double bonds the five-membered ring, and only then does addition hydrogen the 
remaining fulvene double bond begin, the same time, dimethylfulvene, which has structure similar that 
diphenylfulvene, does not show the same sharply defined hydrogenated; this selectivity evi- 
dently with the aromatic nature the substituents the extranuclear carbon atom, 


The Lebedev types IVA, and IVB have remained without study the point view. 
Hence, Kazansky Mikheev subjected which belongs type catalytic hydro- 
genaticn presence platirum black, was fourd that the hydrogenation for did 
show corresponding the addition one molecule gave some basis for the 
supposition that process selective and that, since the double system symmetric 
nature, addition the 1,4-positions, However, was not found possible 
1940 study the products the addition one molecule biisocrotyl and the 
the order this addition remained open one, 


the present have heen able make more detailed investigation this reaction, for 
have had greater amount our disposal and have been able submit the hydrogenation 
precise fractionation, Also, the properties the product the addition 
book [12], where reference made unpublished work without anv indication the method 
which the was only 1950 was the this Thus, 


only very recently has become out into the products the catalytic 
hydrogenation with sufficient The results this investigation show that presence 
platinum biack, black, Raney nickel the curves for the hydrogenaticn biisocrotyl show 
clearly defined break the point corresponding the addition one hydrogen; this break 
marked the for hydrogenation presence palladium, 


Nevertheless, spite tnis indicaticn the selectivity the process, investigation into 
the composition and the reaction products shows that all cases the proceeds 
ali possible directions, addition the 1,2-positions the conjugated system being, the 
reaction all cases the main reaction product), the example have 
taken there complete with addition, between hydrogenation with catalytically 
activated hydrogen, that with hydrogen the moment its formation, and with hydrogen that adding 
under the influence the ammonia system evident that the order addition hydrogen 
determined miore the structure the molecule undergoing hydrogenation than the nature 
the hydrogen the catalyst, The effect the latter seen the extent which the saturated hydro- 
carbon formed; less for palladium biack, and particularly for Raney nickel, than for platinum, this 
sense, hydrogenation proceeds less selective fashion the last catalyst, Alsc, will 
later, the the amounts hydrogen giving 1,4-addition, between the amounts 
and also varies according the nature the regards 
migration the double bond during catalytic addition hydrogen the diene, found Young his work 
(see above), the case the hydrogenation biisocrotyl this was not ohserved; this was proved 
direct experiments the partial hydrogeaation 2,5-dimethyl-2-hexene, when formation 2,5-dimethyl-3- 


hexene, was not detected; the first distil off was 2,5-dim ethylnexane, which has considerably higher 


EXPERIMENTAL 


scheme; (see top next page) 


absolute ether, was obtained 84% yield: 758 mm; 
found MRp 38.30; calculated for 38.21. 
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2,5-Dimethyl-1,5-hexadiene was isomerized presence aluminum oxide into 2,5-dimethyl- 
increment MRp 2.75. 


the Reaction Hydrogenation was out method ordinary temperature 
and pressure flask shaken rate les: than 300 complete per min, The rate 
being taken every 0.5 min, and black were prepared 
and nickel was prepared from Adkins* method [20]. Each serie: experiments was 
carried with portions the same sample catalyst; 96% alcohol was used solvent. 


The addition products from ore molecule hydrogen and one were distilled off to- 
gether with the from Favorsky flask, the catalyst being first filtered off; their azeotropic mixtures 
with boil between and approximately, The alcohoi present the distillate was extracted 
mesns chloride solution, ard the mixture separated this way was fractionated 
columa designed for accurate rectification The distillation curve indicated which hydrocarbons 
present the mixture; their identification and estimation the fractions were based the boiling 
points, refractive indices, bromine numbers the fractions, all these data was possibie 
draw complete balance sheet for the reaction with the given catalyst, 


were carzied cut with small order obtain curves for the hydrogenation, The aie given 
‘fable 


TABLE 


Expt.| Amt.of 


calculated 


e 


The expt. shown the curve will seen from this curve that 
the first hydrogea adds fairly constant rate; the rate hydrogenation then falls and 
make detailed investigation the composition the products the hydrogenation biisocrotyl 


the stage corresponding addition one two experiments were out, each 


these (13 was dissolved alconol ml), platinum black was added the solution, 
When the was complete, the mixture was washed from alcohol and 
distilled through column theoretical plates; the amount the mixture taken for distiliation was 22.45 


For-each fracticn collected determinations were 
made refractive index, density, and bromine number (by 
The all these detcrminations are given 
Table The bromine number the pure 


The physical constants the hydrocarbons that 
could formed partial and complete 
biisocroty! are given Table 


From ccasideration the properties, including 


the bromine numbers, the fractions obtained distilla 
ton and from the properties the hydro- 
Distillation curve for the pioduct given Table possible calculate the 


2,5-Dimethy!-3-hexene 
11% 


TABLE 


Fraction B.p. Olefin 


content 
fraction 


the calculation was dssumed that fractions and contain and, the olefins, 
that fractions 3,4,3, and contain 2,5-dimethylhexane and, the 2,5-dimethyl- 
2-hexene; that fraction consists 50% 2,5-dimethyl2-hexene and biisocrotyl; and that the residue the 
column consisis entirely biisocrotyl, 


ments were carried out with different amounts palladium biack the hydrogenation The 
conditions the experiments are shown Table The hydrogenation curve for expt. Fig. 

the break corresponding addition one molecule more marked, The character the curve 
does not change with change the amount 
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TABLE order make detailed 


study the products arising from 


According calculation, for ad- 
one molecule hydrogen 
bilsocrotyl under the conditions the experiments 17,5 hydrogen would required, was added, 
mole hydrogen, When the catalyst been filtered off from the alcoholic solution, the was 
treated previously The mixture hydrocarbons was distilled through column 
theoretical plates; (53,5 ml) the mixture was taken for the distillation, The distillation curve given 
and the fractions are given Table 


Vol. 


absorbed 


simple the curve for the 

black indicates that predominates 


Fig.4, curve for the 
ence palladium Raney nickel were out under the conditions shown 


watt. 


4 
Expt. 
A 
t . 
. 


TABLE 


No, 


wt. 


Olefin 
ontent 


TABLE 


enation 


Out 


Fig.5 give the hydrogenation curve for expt. the curves obtained the other 
experiments were similar character, They are all distinguishea the gentle character the siope, 
compared with the curves obtained experiments with platinuin and palladium; the break corresponding 
addition one molecule hydrogen not marked, and the second molecule hydrogen adds more and 
more slowly, that rather difficult cause hydrogenation completion, When large amount 
catalyst used (expt. the curve has short horizontal part and shows rapid fali, 


order make study the hydrogenation one molecular proportion hydrogen was added 
The mixture hydrocarbons obtained after preparatory treatment before was 
through column theoretical plates; altogether ml) was distilled, The results the distillation 


the mixture formed hydrogenation biisocrotyl, 2,5-dimethyi-2-hexene 
exteat that even greater than the platinum and palladium, 


the calculation the the separate formed the addition one molecular 
proportion hydrogen presence nickel, was assumed that fraction and 50% fraction 
consisted and that fractions and 50% fraction and the residues the flask 
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; 
TABLE 
eet. 


gave the following 


The following were 


had 1.3950, was 


for complete saturation was added presence Raney the distillation the catalyzate 
through the same column, the first faction boiled num and had 


Thus, movement the double bond the the molecule with formation 


the course reaction, 
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THE THE ETHYL ESTERS 


ACID 


N.D.Zelinsky and N.V.Elagina 


required for our work, carried out the reaction with the sodium derivative the ethyl 
ester 2-oxocyclopentanecarboxylic acid: 


CH, 


that, when the reaction carried out with equimolecular amounts the 
the ethyl only 20% the theoretical, The 
low yield may explained the assumption reacts, formed, with the sodium 
ethyl with formation the ester aicarboxylic 


Also, under the the experiment for the ester acid 
converted the action sodium ethoxide into the ester adipic acid. 


effort raise the yield the which were carried out the reaction 
the sodium derivative ethyl ard 1,3-dibromopropane using the latter quantity 
times that required Equation (1). order avoid the splitting effect sodium ethoxide oxocyclo- 
pentanecarboxylic ester, took somewhat smaller amount sodium the reaction than that required 


ory, and applied external down this experiment the yield 
was 32.2% the theoretical, 


experiment carried with three times the theoietical amount the yield 


the gave 52.4% yield the required Thus, increase the concentration 1,3-dibromo- 
propane the reaction mixture inhibits Reaction between ethyl 


and the sodium derivative ethyl 2-oxocyclopentanecarboxylate and leads increase the yield ethyl 


the sodium deritative ethyl 
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2-Oxocyclopentanecarboxylate 


Ethyl xocyclopentanecarboxylate 


aud the bromochloropropane was 67.8% the theoretical, 


The difference the yields the and the 
esters must explained the difference reactivity these compounds, The chloro derivative owing 
its lower reactivity comparison with the bromo derivative less enter into reaction with the sod- 
ium derivative the ester, The yield ester thezefcre the 


EXPERIMENTAL 


Dry (600 ml) and metallic sodium 1,5 were introduced 2-liter round-bottomed 
flask fitted with reflux spherical condenser that communicated with the air via calcium chloride tube, The sod- 
was melted under the toluene and converted the usual into fine powder. The flask was heated 
oil-bath, and, when the bath reached 60°, diethyl adipate (303 1.5 mole) was added quickly through 
the condenser, The temperature the bath was allowed rise slowly, reaction which 
110° accompanied vigorous ebullition that for During the reaction the flask was 
sbaken vigorously several times, The derivative ethyl camic out vol- 
uminous mass, When the energetic reaction had finished, the flask was heated 130° the oil-bath for 1.5 hours, 


The reaction mixture was cooled with ice and was decomposed with 10% acetic acid, The toluene layer 
was separated, and the aqueous layer was extracted with toluene, The united toluene were washed with 
water, with soluticn carbonate, and again with water, The tuluene was off, and che residue 
was vacuum-fractionated, The product was.ethyl 2-oxocyclopentanecarboxylate 15.3%), 83-84° 


The reaction between the derivative ethyl and 
was carried out three-necked round-bottomed flask fitted with stirrer, dropping fur- 
nel, and reflux protected from the moisture the air means calcium chloride 


Absolute ethanol (80 ml) was introduced into the flask, and metallic sodium 0.19 
atom) was added When the sodium had the flask was placed ice cooling mixture, 


the which was maintained throughout the reaction, Stirring was begun, and weli-cooled 
ethyl (31.2 0.2 mole) was added slowly from dropping Whea one-third 
the total amount ester had been added, its sodium derivative began come out white curds, The additisa 


the ester occupied hour, and the mixture was then stirred for further 1.5 hours, 
Strongly cooled 1,3-dibromopropane (60.5 0.3 mole) was rapidly introduced into the flask from the dropping 
funnel, When this addition completed, stirring was continued for hour with cooling The 
mixture was then left overnight room temperature. the next day the reaction mixture, which had alkaline 
reaction, was heated water maintained The mixture was stirred for hours, when test made 


with moist litmus indicated reaction, 
The mixture, which was cooled with ice, was poured ice water (400 ml), and the heavy light- 
yellow that settled the bottom was The aqueous layer was extracted with ether, and the ether ex- 
tract was united with the oil already separated. The solution was washed with water and dried 
anaydrous sodium The ether was driven and the residue was 
Experiment Ethyl 2-oxocyclopentanecarboxylate 0.2 mole), metallic sodium (4.3 0.187 
1,3-dibromopropane 0.6 mole) were taken for reaction, the experiment being carried out urder 
the conditions used the first experiment, After repeaied vacuum-fractionation reaction products, ethyl 
420 
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was obtained, 


2-oxocyclopentanecarboxylate (31.2 0.2 mole), sodium 0.19 g-atom), and 
1,3-dibromopropane (161.5 0.8 mole) were caused react under the same conditions before, Vacuum-frac- 


the products yielded ethyl (27.8 52.4% based 


Pure ethyl 143-bromopropyl)-2-oxocyc had the 134-135° 


Found 47.63; 6.31; 28.59; 28.77 


Ethyl (IIT) 


The experiment was carried out the apparatus described for the synthesis ethyl 
oxocyclopentanecarboxylate, Ethyl 2-oxocyclopentanecarboxylate (78.0 0.5 mole) and 
(78.7 0.5 mole) were taken for solution sodium ethoxide was prepared the dissolution met- 
sodium (10.7 0.47 g-atom) absolute ethanol (200 ml), The experimental procedure was the same 
that used the preparation ethyl 1-(3 The reaction products were 


taken), mm, was obtained, 


Pure ethyl had the following 134,5-135.5° 


SUMMARY 


study has been made the reactions the sodium derivative ethyl 
with 1,3-dibromopropane and with 


The ethyl esters 1-(3 acid and 
oxccyclopentanecarboxylic acid have been prepared. 


December 17, 1951 N.D.Zelinsky Organic Laboratory 
Moscow State University 
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SYNTHESIS POLYCYCLIC COMPOUNDS RELATED STEROIDS 


REACTION CARBOCYCLIC KETONES WITH 1-ACETYL-1-CYCLOHEXENE 
and 


known that the reaction between cyclic ketones and 
pentene can proceed with formaticn derivatives octahydrobenzindan 
- 


take place stages: first the saturated ketone under the influence the alkaline catalyst 
the double bond the acetylcyclohexene acetylcyclopentene according Michael type and 
then the diketone formed cyclizes means intramolecular crotanic 


cyclic related steroids. Thus, from and from €-meth- 


certain cases, when there some obstacle the way Michael crotonic condensation, the reaction 
between the cyclic ketone and stops one the stages and does therefore lead 
polycyclic One such the reaction between and 
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CH, 


Here cyclization does not occur because the blocking the propyl the keto group, 


that under more conditions has been possible effect cyciodehydration special method also 
case, between cyclic ketones and derivatives that are substituted 
2-position particular interest 

CH—— 


this case the Michael addition inhibited and only the crotonic condensation therefore 


the present work have investigated the reaction with certain bicyciic 
attempt prepare substances related structure hormones the androstane series, bicyclic 


Theze converted the aid sodamide solution into derivatives, wate 
mitted the action the case (IV} did 20% ob- 
serve appreciable interaction, and the substances taken for zeaction were recovered unchanged. the remaining 
cases, producis isolated yields of. eleinentary composition they corresponded not 
the tetracyclic ketones but the compounds VII, IX, and XI, formed result the Michael 


condensation; these have ruptured ring (the difference the two types substance carbou content 
about 
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The product the reaction with did not undergo hydrogenation 
methanol solution presence catalyst, but treatment with excess gave the 

intramolecular crotonic condensation compounds VII, IX, and does not occur, The obstacle this reaction 

evidently the steric hindrance that known occur; renders the keto group ring passive. 


acetyl with cyclohexene stannic chloride treatment the reaction product 
with diethylaniline [6} 


The Reaction 1-Decalcne with l-Acetyl-l-cyclohexene 


solution mol) dry ether (50 ml) and finely ground sodamide mol) 
were vigorously mixed together room temperature for hrs, stream dry hydrogea being passed through 
the reaction mixture, The solution was boiled water bath ‘or remove ammonia, The 
suspension cooled ice, and l-acety!-cyclohexene (2.4 mol) was added dropwise with 
Stirring with was continued for further The was then allowed stand room tempera- 
ture overnight, Before further treatment, the reaction mixture was boiled the water bath for hrs; the sciu- 
tion was then cooled with ice and treated with hydrochloric acid (diluted until weakly acid Congo red. 
The ether layer was separated and with sodium sulfste. The ether was driven off, and the residue was 


The substance not methanol solution presence catalyst, but reacted 
with excess give the which melted with 


(V) mol) dry ether (40 ml), finely ground sodamide (0.5 mol), and 
(1.5 mol) were taken reaction, The product (1.2 was IX, b.p. 


The melts with decomposition (from benzene): 


cyclohexene 


sodamide 
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mol), and (2.2 mol) were taken for reaction, The experiment was 
carried out described above, The reaction product (2.2 was XI, b.p. 166-170° ram; 1.5395, 


Found 78.80; 78.89; 9.43 


The 2,4-dinitrophenylhydrazone melts with decomposition (from benzene): 


Found 12.2; 11,98 


Attempt Condense 


with l-Acetyl-l-cyclohexene 


solution the sodium derivative prepared from the ketone (IV) 
mol), finely ground sodamide (0.6 mol), and dry ether ml), was treated with 
hexere mcl) under the conditions described above, The original substances and some resinous products 
(0.4 were isolated from the reaction mixture, 


SUMMARY 


The condensation has been carried out (V), and 
with The products were the polycyclic 


diketones VII, and under the conditions the experiment did not undergo further intramole- 
cular crotonic condensation, 


January 28, 1952 Institute Organic Chemistry the 


USSR Academy Sciences 
LITERATURE CITED 
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ACETYLENE DERIVATIVES 


COMMUNICATION 126, SYNTHESIS POLYCYCLIC COMPOUNDS RELATED XIV. 


clready shown [1], possible proceed from 2,4-dimethyl-2-cyclopenten-l-one (V) means 
diene condensations and via the intermediate compounds the synthesis teiracycloketone, 
which has B-norandrostane skeleton and was provisionally assigned the structure normal steroid ketone: 


However,, subsequent detailed study the diene synthesis has shown that condensation 2-methoxy- 
butadiene with unsaturated cyclic such mixture para 
and meta condensation products, with predominant formation the normal addition product, which has the 
methoxy the the group. this work the example was taken the 
condensation with and was shown that thé 
main liquid product diene which has narrow boiling range and constant refractive 
index, contains, addition the main product normal condensation 


The meta isomer (IV) that was formed could nct isolated fractional distillation, and its presence 
and structure were demonstrated after its the crystalline acetylenic hydroxy 
ketones, The condensation 2-methoxybutadiene with (V) praceeds 
similar fashion, and this forms the subject the present communication, 


2-Methoxy butadiene heated with 25-30-fold excess 
for 1.5 and thea carefully distilled under reduced pressure yields 
disemicarbazones can made and separated crystallization: 
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Condensation the methoxytetrahydroindanone (Vi) (b.p. 103-104° 1.5 mm; with acetylene 
presence metallic potassium and acid hydrolysis the product gave 25% 
crystalline acetylenic compound m.p, which has been described previously From 
the Liquid portion the acetylene synthesis was possible fractional distillation and treatment 
with ether and with petroleum ether Experimental part) isolate another similar product 118- 


According the results obtained our-laboratory the condensation 2-methoxybutadiene and 
and the other isomer, which formed small amount, will 


C=CH 


The main product converted selective over catalyst and subsequent dehy- 
into the previously described 3a, (X), which 
yield the tetracyclic ketone XIV respectively, the form viscous glasslike product whith 
mixture two possibie forms (XIII and XIV and 


Condensation the gives high yield individual substance 
(XV) which hydrogenation over catalyst absorbs abcut moles hydrogen, 


The isomeric acetylenic hydroxy ketone (IX) selective hydrogenation over catalyst, the 
which dehydration over potassium hydrogen sulfate yields 
with maleic anhydride, the the tricyclic fluorenedicarboxylic 


acid 


ans 
CH. 
428 


When the main methoxytetrahydroindanone (VJ) alcohol room temperature over 
catalyst, about 80% the required amount hydrogen absorbed, reaction product 
mm; may isolated about 60% yield; this has been described previously and 
substance, condensed with acetylene liquid ammonia presence potassium, cry- 
stalline acetylenic alcohol, about 35% yield; with our 
previous this compound has the structure 
The other isomeric acetyleuic could not isolated. 


When the acetylenic methoxy exhaustively hydrogenated, moles hydrogen were 
absorbed, and the ethylmethoxy was Selective the acetyienic methoxy- 
XXI catalyst yielded liquid vinyl compound which gave dehydration 


over potassium sulfate 3a,4,5,6,7 (XXIV) 


yield, 


with maleic aahydride, the diere(XXIV)gives with 40% yield the tricyclic methoxy- 
acid The condenses with 
P-quinone give the crystalline tetracyclic does not undergo hydrogenation over 
catalyst under normal When the diene with 
the corresponding tetracyclic product formed viscous glasslike mass, which appears 
mixture the two possible structural 


When more severe hydrogenation conditions are used (with heating and under hydrogen pressure 10C atm), 
partial hydrogenation the carbonyl group occurs, 
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EXPERIMENTAL 


developed our laboratory, Le. cyclization isopropenyl ketone [2], 2-Methoxy-1,3-butadiene 
(b.p. was obtained the splitting methanol from the aid 
sodium hydrogen sulfate The conditions this synthesis, improved our laboratory, result 


Condensation 2-Methox 


-1,3 -butadiene with 


mixture (550 g), 2-methoxybutadiene (29 g), and 
was heated steel autoclave 230° for The mixture cooled rapidly, more 2-methoxybutadiene 
(20 was added, and the mixture was again heated 230° for product after vacuum frac- 


From 208 product obtained different experiments there was isolated, aftez fractionating 
twice through column, 160 3a, b.p, 103-104° 
1.5 mm; could not purified further distillation, 


The was stirred vigorously room temperature with hydre- 
chloric acid (60 ml) for The mixture was neutralized with potassium carbonate, saturated with ammonium 
and carefully extracted with ether, The ether extract was with scdium sulfate, the ether driven 
off, and the residue through .From the mixture hydrolysis products there was 
separated, after three auccessive distillations, 6.5 substance b.p, mm; 
and corresponding previously described [1]. From 
this (1.1 the disemicarbazone g), m.p. with decomposition, was obtained the usual 

After boiled with times its amount the substance melted 240- 


245° from large volume methanol, this was obtained the 


Found 


disemicarbazone was isolated evaporating down the methanol mother liquor, After being 
recrystailized from methanol melted 224-225* (dec). 


Found 28.10 


with Acetylene 


Liquid ammonia (950 ml) was poured into three-necked flask, provided with stirrer, dropping funnel, 
reflux condenser, and tube for the passage acetyleae, and cooled mixture solid carbon 
dioxide and acetone, Metallic potassium (50 was added slowly. Dry (390 liter) was then over 
absolute ether (200 ml) was added over 1.5 hr. The mixture was stirred passage feeble stream acety- 


lene for hrs, and was left overnight the next day was stirred for further hrs this temperature, 


and the day the ammonia was off. The residue was decomposed addition dry 


chloride (100 ¢); further ether (200 mi) was made, and water was added until the precipi- 


tate The ether layer was separated, and the water layer extracted twice with ether, Tne united ether 
were washed with small amount water, and the ether was driven off. 


solution hydrochloric acid (100 ml) was the residue, and the mixture was stirred 


| 


vigorously room temperature for hrs, The crystalline product that was precipitated was filtered off and 
washed with 30% methanol, (21.5 identical the previously described 
acetylenic hydroxy ketone was obtained, The liquid product was extracted withether, and the 
ether extract was washed with bicarbonate solution and dried, The remaining after driving off the 
ether vacuum-distilled mm, The fractions were obtained: 


After addition small amount absolute ether, fraction gradually crystallize, After 
days, the that had separated were off and washed with absolute further the 
acetylenic hydroxy ketune, m.p. was The total yield the acetylenic hydroxy ketone 


From the éthereal solution, after additim small amount petroleum ether and cooling, fine 
needle-like crystals separated and were filtered after substance melting was 
After removal the solvents ard vacuum fractionation the residue, fraction 
(29 was isolated having 1.5090, frora which treatment with mixture 


petroleum ether and ethyl ether (1:1), with and prolonged standing (10-15 further 3.2 


The total yield the second crystalline product was 6.2 (5.8%), and after crystallization from 
acetone the Analysis showed the product have corresponding 


was not found possible isolate other individual products the acerylene synthesis, 


IV. Condensarion -3-vinyl -6(5H)-indenone 


and was prepared from the acetylenic alcohok (b.p. 
mm; pyrogallul (0.1 was heated 170°-in glass ampoule for hrs, Vacuum dis- 
tillation yielded (14.7 g), the original diene and the 


201-202* 


Ng. Calculated 21.0 


When the tetracyclic hydrogenated alcohol over catalyst, molecular equiva- 


lent hydrogen was absorbed, and the hydrogenation product was separated colorless substance, 
b.p. 130-140° 0,012 mm; 1.5320, 


Found 78.97; 10.98; 10.16 
Condensation 


(X) 
with 2-Methyl-2-cyclohexen-l-one 


14810}, and (0.1 was heated 170° glass ampoule for hrs, Vacuum distillation yielded 


(21 g), the original diene (1.1 g), and the tetracyclic 
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When the tetracyclic XIV)was hydrogenated alcohol over catalyst, 


equivalents hydrogen was absorbed, and the hydrogenation product was obtained viscous 


Condensation 
with p-Quinone 


The diene (X) g), g), and pyrogallol (0.05 were dissolved absolute dioxane (15 ml) 
and heated 60° Yhe dioxane was off, and crystalline product was 
obtained from methanol yielded the pure tetracyclic triketone(XV) 


Found 76.88; 76.61; 7.51; 7.48 


With semicarbazide the tetracyclic triketone(XV gave disemicarbazone that did melt belew 300°, 
was purified water from methanol solution, 


indanone (1X) 


(10 and hydrogenated over catalyst and 742 When 310 hydrogen had been absorbed 
(305 would for one couble bond), the catalyst was filtered off, and the dioxane driven off under 
reduced pressure, The crystalline product mixed with petroleum ether ard then filtered 2.25 
substaace melting was obtained, After from petroleum ether, 


The semicarbazone was obtained after from 40% methanol fine needles, 16v- 


Found 15.51; 15.77 


mixture the vinylhydroxy and finely ground anhydrous potassium hydrogen 
sulfate (9.8 was heated Claisen fiask 120° under pressure for The dehydration 
product was extracted with ether, the ethereal solution dried over anhydrous magnesium sulfate, and the ether 
driven off, under pressure, the residue yielded 
standing, becoming thick yellow was characterized its semicarbazone, which after 


Found 17.40 


(XVII) with Maleic Anhydride 


mixture the diene and maleic anhydride (0.3 was heated glass 
for After cooling and standing for long time (20 days), the reaction 
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crystallized out, treatment with benzene and ether (1:1), the crystalline product 
was off. The tricyclic fiuorenedicarboxylic anhydride was obtained; after 
lization from benzene and petroleum ether: 


The anhydride (0.1 was hydrolyzed boiling with ml) until almon 
dissolved hrs), The hot filtered gave, fine crystalline precipitate 


The methoxytetrahydroindanone 1.4960) (10 was dissolved absolute dioxane (20 ml} 
80% the theoretical quantity. addition fresh catalyst, hydrogenation occurred, 
The catalyst was filtered off, the solvent driven off, and the liquid hydrogenation 


XI. Condensaticr with Acetylene 


Liquid ammonia (250 ml) was poured into three-necked flask and provided with 

tube for the passage Metallic potassium (14 was added slowly 
with stirring, and acetylene was then passed for solution /a-di- 

(XX) (25 absolute ether (20 ml) was ‘added slowly hr). The mixture 

with passage feeble stream for hrs, and was then left overnight, the stirring 

was continued for further the mixture was again left overnight. The was 

and the reaction product was decomposed not chioride (35 g); ether mil) 

was added, and then water rntil the precipitate present was dissolved, The was separated, the 

part was extracted twice with ether; the united ether extracts were washed with smail amount cold 

and then dried over magnesium After removal the ether the crystallized out (on 

giving half-solid mass. The crystalline preduct was filtered otf and with small cold ethe 

soivent and The following fractions were obtained: 


crysiais 111-113° was obtained. The total yield the product the acetylene synthesis was 
9.3 i.e. 33.5% theoretical, After crystallization from petroleum ether the 


Hydrogenation 1-Ethynyl-hexahydro-5-methox 
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over catalyst mm, The hydrogenation was stopped when 415 hydrogen 
had been absorbed (400 required for one buud), the catalyst was filtered off, the dioxane was 
driven off, and the residue was The product was 


(3.2 having 120-121° 2.5 mm; 1,0118; found MRp 64.88; calculated 
65.15 
D . 


mixture the ard finely ground anhydrous 
hydrogen sulfate (2.3 was heated Ciaisen under pressure for min, The 
water was driven off, and the dehydration product was vacuum-disiilled 
(XXIV) extremely unstable, and was used directly for further diene condensations, 


indene (XXIV) with Maleic Anhydride 


mixture the and maleic anhydride (0.45 was heated glass ampoule 
120° for 2.5 After for days, the reaction product partially crystallized out; the crystals were 
filtered off and washed with petroleum ether, After crystallization from 


benzene, the tricyclic was obtained rsedles 115- 
116°. 


The XXV)(0.25 was boiling for hrs with ml). After the solution 
had the crystalline product was filtered off and washed with After from 50% 


acid 


Found 67.17; 67.22; 8.46; 


dene dene (XXIV) with-p-Quinone 


The and p-quinone (0.4 were dissolved absolute (10 m!) and heated 
60-65° for The viscous yellow reaction product that remained after removal solvent was 
gave the crystalline tetracyclic crystallizauon from aicohol had 


The tetracyclic not give crvstalline derivatives with semicarbazide with 
hydrazine and not hydrogenated presence catalyst. 


XVI. 
(XXIV) with 


The was dissoived 2-methyl-2-cyclohexen-l-one (15 and heated giass 
180° for tus, products distillation were (13.2 g), the original diene (0.4 


The tetracyclic does give crystalline semicarbazune 
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SUMMARY 


main product the methoxytetrahydroindanone but there formed small amount the isomeric 
and subsequent hydrolysis the product, there are obtained two crystalline acetylenic hydroxy ketones, 
dimethyl-6(5H)-indanone derivatives were prepared from the latter vinylhydroxy 


condensation the previously ‘scribed dienone with (XD, with 
and with p-quinone the steroid tetracyclic XIV, XV) 
having ring have been prepared, 


ammonia, 1-ethynylhexahydro-5-methoxy-3, was and from this there 
were obtained the compounds hexahydro-5-methoxy-3, and 3a,4,5,6,7, 


condensation the diene with maleic anhydride, with and with 2-methyi-2- 
cyclohexen-l-one there were obtained the tricyclic anhydride the acid and the 
methoxy and 
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ETHYLENE ESTER PHOSPHOROCHLORIDODITHIOUS ACID, AND RELATED 


The chlorido ester obtained reacis give the corresponding mixed 
estezs acid, the there are described sulfur compounds structure containing 
arsenic [2] antimony atom, which may prepared the action arsenic antimony 
chloride 


have not been able find any data concerning the the phosphorous analog the literature 


considered interest relation the deveicpment the study the properties mixed 
cyclic esters phosphorous acid syuthesize the corresponding thio analogs and compare thcir properties 
with those the oxygen derivatives, tne action phosphorus trichloride dry ether have 
two products liquid and crystalline solid, 


The liquid product was found the ethylene colorless 
that fumes strongly air and has the following constants; mm; 


action molecules ethanedithio! phosphorus trichloride, and resulted, evidently, from the action 
ethanedithiol the chlorido ester that had been formed: 


(1) 


The formation analogous product has been observed the careful hydiolysis the ester 
obtained the action arsenic trichloride 


place Cl). Such alkyl cyclic esiers may prepared also the action acid chiorides 1,2- 


mixed ester was formed place 


Ethylene O-methyl liquid having the following constants: 97-98°/7.5 mm; 


The cyclic obtained have the properties tervalent phosphorus derivatives and give crystalline 


‘ 
Sa 
= 


One the most interesting properties trialkyl phosphorous acid conversion into 
under the actior. alkyl halides, the case alkyl cyclic esters 
phosphorous acid, the conversion from tervalent quinquevalent phosphorous may occur, have 
found previousl;, either with rupture the cyclic system, without 


the case the thio-derivatives, the course the reaction may was shown 
Divinsky, and Sidorenko the occurrence the addition alkyl halide not phosphorous, 
but sulfur, witn subsequent thioether and formation the corresponding phosphorous 
halide derivative, The experiments that have the action ethyl iodide ethyl ethylene 

have shown that the reaction complex, and have not yet succeeded sorting out the reaction 


the action ethyl iodide ethylene phospherodithioite obtained; 


product, mm, corresponding according analysis isomerization product, 
the boiling point the substance refrain from ascribing any definite 
structure, isomer ethylene hydrogen phosphite, 


into the 
173-1 
CH,-CH, 


The bulk reaction product, which was transparent undistillable 


the substance 172-174°/4 with 15% HCl dithiane, m.p, 111°, and 
liquid product, acid nature and yiving salt, were The hydrolysis was accompanied 
sealed 90° resulted, when the tube was opened, violent explosion, When the 
compounds were treated w.th triphenylmethyl bromide, the product, was 
isolated both its analysis closely the product that would addition 
However, hydrolysis the product means hydrochloric did not yield triphenylmethylphosphonic 
which would have indicated addition bromide phosphorous; nor did give tri- 
phenylmethanol which been formed the initial addition 
methyl had occurred sulfur, was found possible isolate only from the 
reacdon products, 


Formation triphenylmethane was observed and Arbuzov [5] the hydrolysis 
acid chloride with hydrochloric acid sealed tubes presence ethanol, Separate 
showed that formation preceded formation have shown specially 
designed under the conditicns the hydrolysis hydrochloric acid the product formed the 
action tnphenyimethyl broraide ethylene presence the hydrogen sulfide 


from experimerts the action phosphorous trichloride and acid 
have out triais the action trichloride ethylenediamine with the 
aim tre corzesponding cyclic derivatives, Both trichloride and 
acid chloride react with and crystalline hydrochloride precipitated, 
did not succeed isolating the reaction product, 


Freshly distilled phospt-orous trichloride mole per mole ethanedithiol) was added 
ethanedithiol (45 146° dissolved dry ether (250 Whea the whoie the phosphorous 
had been added, the reaction mixture was heated water-bath 50° for min. crystalline 
precipitate (16.3 formed, The liquid part was from Arbuzov flask, substance 
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(59.5 mm, correspondiag analysis the required chlorido ester, was obtained, 


After being twice from dry benzene, the crystalline precipitate melted 
analysis the reaction product from phosphorous and mol, 


Rast molecular weight determination gave the following 


350 


(25 and pyridine (41.95 (cooling with snow), After separation pyridine hydrochloride, the 


The product coloriess liquid characteristic unplezsant odor reminiscent the odors cyclic 
phosphorous acid and reacts violently with concentrated nitric acid, bursts 
flame, reacts with cuprous chloride with fermation crystalline product, which de- 
composes The product reactiun with Cul melts also unstable air, 


and dry (150 ml). The reaction mixture was cooled with snow, The pyridine 
that separated off funnel, The filtrate, removal solvent, 

was product (9.18 59%), b.p. mm, was obtained: 


The product liquid unpleasant being cooled snow crystallizes white mass that 
rapidly melts ordimary reacts with cuprous iodide with evolution much Like the 
ethyl ester, bursts into flame being into contact with concentrated nitric 


ethylens (12 and ethyl iodide (11 were sealed tube and heated 
80-90° for the end the reaction, ethyl iodide (10 was distilled off, and the reaction 
products were During partial occurred, and addition liquid 
products came over, and this was separated mechanically. The latter was found 
reaction products remained the distillation flask dirty-pink rubbezlike mass, 


Found 18,96; 39,95 


with 15% ml) for hrs, The tube was opened, and the contents were found hetero- 
geneous; they comprised liquid, white mass, ard some crystals; large amcunt sulfide 
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was evolved, After being distilied, the product melted 111°; was dithiane, more dithiane 
separated distillation from the semisolid mass, The liquid was heated the bath hydrogen 


chloride had been removed, boiling the residue with barium carbonate, the barium salt was 
obtained, 


Found 


Ethylene phosphorodithioite and methyl iodide were sealed tube and allowed 
stand temperature, After standing overnight, the contents the tube had become turbid. After the 
mixture kad been heated for 0.5 hrs, acquired the iodine, When attempt was made open 
the exploded the hands and the the contents were thrown out with great 


The Reaction between Ethylene Phosphorodithioite and 
Bromide 


Triphenylmethyl bromide (2.2 was dissolved heat dry benzene ml). the cooled solution 
bur after 2-3 min precipitate began appear; had pale dirty-pink color. The reaction was accompanied 


scarcely appreciable evolution heat, The (2.5 was filtered off. After being recrystallized 
twice.from dioxane and benzene melted 


Rast molecular weight 
Found: 


Hydrolysis the Product The product (0.8 (1£ were heated 
tube 200° for the tube was opened, odor hydrogen sulfide was observed, Some 
(0.2 much contaminated with resin, were isolated; they after irom alcohol, 
admixture with pure triphenylmethane was also The liquid, was brown 


color, almost dryness the water bath, Some product remained the dish the 


ethylene (1.68 and bromide (3.23 were heated benzene 
solution for min the boil, When the mixture was cooled, (3,7 appeared. After recrystalliza- 


tion from beazene and gasoline, the product melted melted without depression when mixed with 
the previous product, 


Expt. acid and 15% (12 ml) saturated sulfide 
were sealed tube and heated for acid was recoveied un- 
changed 280°). 


Expt, The experiment was out with the same amounts the substances, but presence 
ethylene glycol (0.08 same conditions heating were observed. acid 
was cbtained with resinous contamination, 


was heated sealed tube 200-220° for The tube was cooled, and crystalline produc: (0.3 was 
filtered after being recrystallized twice from absolute alcotol: admixture with triphenyl- 


obtained very small 


Expt. analogous experiment was out with the same and hydro- 
chloric acid saturated with hydrogen sulfide, but ethylene glycol was After the 
reaction products, m.p, obtained, The m.p, admixture with pure triphenyl- 
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methane was again triphenylmethane, small amount crystals that melted 


SUMMARY 


dithious acid has been 


Mixed ethylene esters phosphorodithious acid have been prepared both the action 


ethylene phosphorochloridodithioite presence pyridine, and also the action 
acid chloride ethanedithiol. 


The O-alkyl ethyleae obtained react with alkyl halides iodide, wiphenyl- 
methyl bromide), The structures the products obtained have not been established, 
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Arbuzov and Sh. Bastanova 


For more than years, right the present time, chemists have been concerned with the phenomena 
tautemerism, The compounds that have been the ect tautomerism studies beiong great variety 
classes organic and inorganic compounds, The most detailed study has been made compounds that show 


keto-enol and lactam-lactim The parts the molecules such compounds may re- 
presented 


- 
the metal derivatives represented 


One the most characteristic tautomeric compounds their ability give, the 
conditions, derivatives that differ 


Classical compounds showing lactam-lactim are isatin, and 
derivatives these 1882 Baeyer Oekonomides showed that when the 
sodium derivative isatin was solution with sulfste methylisatin (m.p. 
134°) was obtained good This compound not hydrolyzed alkalis, but gives 
The same N-methylisatin obtained when iodide and the sodium sa!t isatin the dry 
state are heated 100° sealed tube. methyl allowed react with the 
This hydrolyzed aqueous alkalis, giving isatin and yet, isatin itself has 


been obtained one form ouly, bet forms two series derivatives, and N-derivatives, 
two forms may assigned 


The question the structure tautomeric compounds closely bound with the cuestion the 
structure their metal the literature there deal material this question 
and evident from this that the the structure the salts tautomeric compounds, particular 
the salts isatin, much more complicated than might have been supposed. Some investigators consider the 
salts have the others consider them have the found that the material availabie 
the literature does not admit definite some investigators consider that the metal derivatives 
exist two iscmeric forms, and these, some conzider the metal fixed position, while others assume 


tautomerism; the majority chemists, them have the enol structure, whatever the nature 
the metal may be, 


such the position will found necessary two types reaction, the 
first type products direct replacement the metal radical are obtained: such reactions becn 


the second type the takes position other than that the and have 
reaction, 


© See p. 446 
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From the enormous amount experimental material has been accumulated has been pessible 
derive number guiding rules, Thus, may assumed that overwhelming majority cases 
silver derivatives tautomeric reacting with alky! halides yield nurmal reaction products, 
the corresponding case the reactions may represented the schemes; 


Completely results are obtained when sixyl halides are allowed react with alxali derivatives, 


The entering radical then usually occupies place other than that the are 
this case the reaction schemes will take the following forms: 


But many both reactions, normal and proceed and the relative amounts the 
products depcnd reaction conditions solvent, etc). 


difficulty met the normai reactions, for they are replacement 
reactions, but the abnormal particularly those isat:n and Las 
turned out question that from Usually either the the (most frequently the 


obtained, the course the reaction depending the the nature the 
some cases both derivatives are simultaneously variable relative 


The formation may evidently represented ways, may either 
acknowledge that the sodium derivative has the lactam form, that the sodium the ‘nitrogen, assume 
formation the O-derivative ard its subsequent conversion into the N-der 


Thus, regard the salts compounds O-salis, must assume that certain changes cccur 
the reaction, These changes may either before the reaction the metal derivative the tautomeric 
compound with aikyi halide, under suitable reaction conditons, during with alky! with spiitting- 
off the metal hzlide, follows that the {and cacbostyril) derivatives, constituting 
extremely inceresting cannot present form the basis conclusions this question, 


elucidate the matter purely chemical means will very difficult, and further work 
this sort questions tautomerism must proceed the dizection the accumulation and extension the 
material this study greater taking into account the effects 
due the size and radical the substance reacting wich the tautomeric compound, the 
nature the halogen, the temperaiure conditions, the solyent, ard also carrying out investigations 
based physicochemical data, The study absorption spectra has not enabled the structure isatin 


the the isatin derivative that has been shown have the O-form the O-methyl ether 
the action bromide and chloride the silver and sodium salts 

drolyzed heating soda water-bath, was assigned the Later, the two 
which diifer color, investigated and was shown 
the ted form have absorption was that the red and the yellow the 


the present the results are given study double tion reactions between 
(Na and Ag) and certain halogen compounds, ethers, 


are indications the literature that the preparation isatin associated with certain 
always successful; one the corditions for the absolute purity ihe 
used, with The used this work was carefully After recrystal- 
lization acetic acid had stable melting point 198°, The starting compounds were the sodium 
and silver saits isatin prepared according the given the litezatuce, 
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study was made the reaction salts isatin with the following halogen compounds; benzyl bromide, 
benzyl chloride, allyl iodide,) and 
was prepared, following Chichibabin, bromination the light (a,a- 
carbon disulfide {12}, The remaining halogen compounds were 
prepared the usual methods, Also, the following ethers were used: methyl, 
chloromethyl methyl, bromomethyl ethyl, chloromethyl ethyi, bromomethyl propyl, 2nd these 
wers prepared from the alcohols saturation with halide 
trioxymethylene All the starting inaterials were taken reacrion the freshly prepared condition. The 


reactions were carried out dry benzene, either rcom temperature the boiling point the 


the action benzyl bromide chloride the silver sodium salt isatin, benzyl isatin 
was obtained all cases; had the form glistening sharp red Benzylisatin was found 
stable compound, heating with dilute acids and caustic alkalis, Experiments its isomeriza- 
tion presence benzyl bromide and the action methyl iodide did not give positive 


the acticr the silver sodium salt (p-tolylmethyl)isatin, 141- 
142°, was isolated the form glistening long red crystals, Atiempts to. hydrolyze 


isatin solution caustic potash acid were not successful, the 
remaining 


ethe: isatin, 90-91°, was formed all cases, the acticnof ethyl ether 
the silver sodium salt isatin, the ethoxymethyl ether isatin, was all cases, Bromo- 
propyl ether similarly the ether, all cases, 


The rate varied the mixed methyl ethers mosted readily, then the propyl 


and finally the ethyl ethers, the ethers isatin are orange substances, readily soluble 
ether and benzene, 


Hydrolysis the methoxy-, ethoxy-. and ethers isatin the action hot solutions 
acids led formation isatin (in yield), and the corresponding 


alcohols, The readiness with whick the alkoxymethyl ethers isatin hydrolysis appears indicate that 
they may regarded orthoisomers, 


When methyi iodide benzyl bromide was heated with isatin ether, 
products were obtained, 


addition study ibe above reactions, study reacrions with the halides 
and radicals was interest, this and 
allyl iodide were taken, result the reactions carried out, diphenyl 


methylisatin, was isolated, attempt hydrolyze this compound with dilute did not give 
positive 


the action ally! iodide the salt isatin product was obtained which was 
difficult isolate the action iodide the scarlet substance was isolated; 
this had the cdor that characteristic substances containing the allyl radical, and melted 


EXPERIMENTAL 
PREPARATION N-BENZYLISATIN 


Action Benzyl Bromide the Silver Salt Isatin 


Expt. The silver salt isatin was added solution benzyl bromide (1.99 
benzene (10 ml), The flask stoppered aud allowed stand dark the contents 
being agitated shaking from time time, After 1-2 noticeable the color the salt 


day the precipitate was fiitered off, washed and subjected extracticn with dry benzene, 
The weight was 1,04 1,1 


From the main benzene solution, after removal part the sclvent vacuum desiccator, there 


: 
2 
4 
‘3 
ker 
4 
= 


Analysis substance having 130-131° 
Found 5,25 


Action Benzyl Chloride the Salt Isatin 


Expt. The silver salt isatin (1,3 was added solution benzy) chloride dry 
benzene {10 ml}, The experimental conditions similar those the previous experiment, The reaction 
weat very slowly, After two months almost the whole the bordeaux-ted silver derivative had been 

white silver chloride, From the benzene solution, after silver chloride and part the solvent, 


there precipitated substance, which after two from benzene 
melted 


Action Benzyl Bromide the Sodium Salt Isatin 


Expt. The scdium salt isatin (1,69 was added asolution benzyl bromide (1,71 dry 
ether (20 ml), The was carried out sealed tube 160° for hrs, When the tube was opened, 
there was odor benzyl bromide, Sodium bromide was removed, and par: the solvent was driven off 
under reduced pressure, when precipitate came down, m,p, after two recrystailizetions 


The after evaporation the the ether was recrystalJized from aqueous alcohol 


Action Benzyl Chloride the Salt Isatia 


Expt. The sodium salt isatin (1.69 was added solution benzyl 
dry ether (20 ml), The reaction was carried out sealed tube, tube was beated for hrs 140° and 
hrs 160°, The result was similar that the but greater amount unchanged 
salt was ieft, From the etherea! solution after removal part the solvent precipitate was formed 


alrogether, 


determinations mixtures the substances the preceding experiments gave 
from Expt, and 


PREPARATION (p-TOLYLMETHYL)-ISATIN 


The silver salt isatin (1.27 was added solution dry benzene 
(15 ml), The flask was and allowed stand dark place, From time the contents were 
agitated, The reaction began very soon, but proceeded slowly, After hrs the products were treated 


Expt.i, From the solution substance was isolated, M.p, after recrystallization from 
alcohol: 141° (0.8 


Analysis substance, 141° 
Found 5,08 


Action a-Bromo-p-xylene the Sodium Salt 


The reacticn was carried out sealed mbe for hrs From time heating was and the 
contents the tube were mixed, The contents the tube were and the was washed with ether, 
dirty greasy red smelling a-bromo-p-xylene separated from the ethercai solution after evaporation 
ether; was recrystallized three times from alcohol and had 140,5-141° after the first recrystallization, and 


preceding 


Benzylisatin and crystallized out all the experiments gitstening well-formed 


sharp needles, ethez and beazene solutions these are red, they become yellow 
dilution, 
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PREPARATION THE METHOXYMETHYL ETHER ISATIN 


Alkoxymethyl ethers isatin were follows, flask was connected through 
two-way adapter reflux condenser carrying thermometer, which was lowered into the center the 
reaction mixture, and dropping funnel, from which solution the ether was added 
dropwise, the end the reaction the precipitate halide salt was filtered oft and extracted Soxhlet 
with the same solvent, The alkoxymethy! ethers isatin, which after recrystallization had stable melting 
points, were isolated from the main solution and from the solution obtained after Melting-point 
and silver and sodium isatin salts gave identical The alkoxymethyl ethers obtained from the 
sciution from the extraction, especially when the solvents used had not been dehydrated and disulled, 
contained amounts isatin, evidently owing patial hydrolysis the main substance present, In. 
every the yields alkoxymethyl ether and metal halide were determined, 


All the ethers isatin formed yellowish-orange crystals good solubility ether and 
benzene, solution and finely divided powder they are 


Action Bromamethyl Methy! Ether the Silver Salt Isatin 


solution bromomethyl methyl ether (1,13 ether (15 ml) was added gradually the silver salt 
isatin freshly distilied ml), The reaction started immediately, heat being evolved 
min, after the whole the silver salt isatin had been converted silver 
bromide, the precipitate halide salt was separated and treated indicated above, 


ether substance was isolated; after recrystallization dry ether; 1,12 
From the ether solution froma extraction the silver bromide, 0.32 red substance, 


Analysis substance, m,p, 90-91° 
Found 


Chioromethy! methyl dry ether (20 ml) was added the silver salt isatin 
Reaction commenced immediately after addition methyl ether, and with evolution 
heat, After min the chloride was filtered off orange substance, 


was from the ether its melting point remained unchanged after 
tecry*taliization from dry ether, 


From the ether solution from the extraction (with 150 ml) the silver chloride, 
substance, m.p, was the melting-point test small amount substance remained un- 
melted, bu. disappeared somewhat above second extraction yielded 0,12 substanc2 
yield methoxymethyl ether, this isatin into account, was 


Bromomethyl Ether the Sodium Salt Isatin 


Bromomethyl ether (1,2 dry ether (30 ml) was added the sodium salt isatin (1,69 g). 
Appreciable reaction was noticeabie about min, when slight warming occurred When the 
whole the socium salt isatin had been converted into light-cnlored precipitate sodium bromide, 
the latter was filtered off, washed, and extracted with ether, From the main ether solution and from the solution 
from the extraction NaBr, orange crystals, (1.6 were isolated, 


methyl ether (0.81 dry ether ml) was added the sodium salt isatin g). 
The reaction mizture was the water-batn, When the sodium salt had been converted inte 
white precipitate sodium chloride, the was separated from the From the ether solution 
and from the solution from the extraction NaCl, crystals, 81.1%) were precipitated, 
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melting point mixture the substances obtained all four reactions indicated complete 
identity: the mixture melted 


PREPARATION THE ETHOXYMETHYL ETHER ISATIN 


Action Ethyl Ether the Silver Salt Isatin 
Bromomethyl ethyl ether (1.4 dry ether (25 ml) was added the silver salt isatin (2,54 
Reaction with evolution heat (the reaction boiled) rapidly set in, The flask was for min 


the and the precipitate silver was then separated and extracted with ether, The 
ethereal solutions yielded orange substance, 68.3%). 


note that during the crystallization reddish ring crystals formed the higher 
regiors; these melted considerably higher temperature than the product, evidently, was 
formed the partial hydrolysis ether, 


Action Chloromethyi Ethyl Ether the Silver Salt Isatin 


ethyl ether (0.68 dry ether ml) was the salt isatin (1.9 
The flask was heated bath glycerol for The siiver was then separated, 
The ethereal solutions yielded bright-orange substance having 84-86°, (1.26 
Its was than methoxymethyl ether, recrystallization from ether small 
amount (0,05 red undissolved substance remained; and appeared isatin, 


ethyl ether dry ether (29 was added the sodium sait isatin g). 
Reaction proceeded room temperature, bui was After hour the flask was warmed the water 

bath for min complete reaction, The sodium bromide was separated and washed several times with 
dry ether, The ethereal solutions yielded bright-orange crystals, (0.51 0.65 
was extracted from the mother liquor, and this, atter heing recrystallized twice from 
melted the same When the substauce left open the air becomes red, evidently owing 
hydrolysis the ether isatin, 


Chioromethyl ether dry ether (20 ml) was added the salt isatin (1.0 
and the mixture was heated the water-bath for the ethereal solution bright-orange crystals 
weie separated (m.p, 0,36 further 0.45 material was extracted from the mother 
liquor, and this, after being recrystallized twice from ethe:, had the same Mixed 


points the ethoxymethyi ethers obtained the four reactions described above had the came value 


PREPARATION THE PROPOXYMETHTL ETHER ISATIN 


Action Bromomethyl Propyl Ether the Silver Salt Isatin 


Bromomethyl propyl ether (0,93 dry ether (50 ml) was added gradually the silver salt isatin 
set rapidly and proceeded with evolution heat, the end the reaction the flask 
was heated for the bath, main was partially from Wurtz flask, Red 
crystals (9.05 came out the remaining solution cooling. reddish residue remained 
the distillation flask (9.2 this, after from glacial acetic acid, melted 
was undepressed melting when mixed with isatin, 


The main solution remova! isatin was partially distilled off under vacuum, when light-orange 


crystals having golden reflex and came down, After from ether the melting 
point was considerably higher, rising 
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slution propyl ether (0,66 dry ether (20 ml) was added gradually the silver 
salt isatin Reaction set once with evolution heat reaction mixture, 33°), 
After min the flask was water bath for From the ether substance 
was isolated, 


Found 6,12 


Action Ether the Sodium Salt Isatin 
propy! ether (2.3 dry ether (30 ml) was added the sodium 
isatin Tae reaction but proceeded slowly, the mixture was heated the the 
bath From the ether solution orange substance (2.1 was 
Action Chlorometkyl Propyl Ether the Sodium Salt Isatin 
propyl ether (1.1 dry ether (20 ml) was added the sodium salt 
reaction went more slowly than one, and the mixture was 
for orange substance crystallized out from the solution, was recrystallized twice 
(0.2 was heated sealed with 10% HCl 10% KOH for one 
neutralization and ether extraction, benzylisatin, was recovered 
130-140° for and 140-150° for The that precipitated when the was cool was 
(0,13 and 10% KOH ml) were heated together sealed tube 
under the same temperature conditions All the substance was solution, When the solution was 
with hydrochloric acid, orange substance was precipitated; was washed and dried (0.1 m.p. 
139-140°, 
The substances obtained Expt. and were from alcohol and had 
admixure with obtained from the sodium sait this melted 
e 
The (0.2 was heated with KOH (20 ml) for br, From the solution, after 


Hydrotysis Isatin Methoxymethyl Ethér Presence Acid 


The methoxymethyl ether isatin was heated sealed tube with dilute (3%) solution 
hydrochloric acid for The tube opened, and the was From the 
soiution isatin, 193-196*, was isolated; was recrystallized from acetic acid (0.08 
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Isatin Methoxymethyl Ether Presence Caustic Alkali 


(20 ml, 6.13 KOH) for half hour, The solution was then neutralized with hydrochloric acid and partially dis- 
tilled off. Tests the for and silver gave positive results, 
The remaining was extracted with ether, and the extract,.on evaporating down, yielded pre- 
cipitate isatin, m.p. rising 199-200° after recrystailization from glacial acetic (0.08 
The m.p. was when admixture pure was made. 


Hydrolysis Isatin Ether 


isatin ether m.p. 85° (0.7 was heated flask fitted with reflux condenser with dilute 
KOH solution (30 ml, 0.6 KOH) for The was then with acid. part 
the was distilled off, and qualitative tests were made formaldehyde and ethanol, The solution gave 
magenta color with reagent and silver mirror with ammoniacal silver nitrate; with iodine dissolved 
solution potassium iodide caustic potash gave yellow precipitate 


The remaining solution was repeatedly extracted with ether, and from the solution, evaporation 
some the ether, precipitate isatin was formed almost yield, The melting point, after re- 
crystallization from glacial acetic acid, was admixture with pure isatin melted 


Hydrolysis Isatin Propoxymethy! Ether 


Isatin propoxymechyl ether was heated flask under reflux with dilute sulfuric acid (40 
for The acid was then back-titrated and, the above-described aldehyde was detected the 
solution qualitative reaction. The remaining solution was extracted with ether, and be- 
tore, m.p. after recrystailization from glacial acetic acid 199-200° (0.32 80%). 


Action Alkyl Halides Isatin Ethers 


Action Methyl lodide and Bromide 


Expt. Berzylisatin m.p, (C.14 and iodide were heated together sealed 
tube for hours. After heating and cooling, the liquid had the same Methyl iodide was driven 


off under reduced pressure, The substance remaining the tube melted admixture with the 
starting material melted 


Expt. the same (0.1 was heated with benzyl bromide for hours 100-155* 
and for hours The contents tne tube were and filtered and the was 
washed repeatediy with ether. 0.08 material m.p. 130-130.5° was The mixed m.p. was 


Action Benzyl Bromide isatin Methoxymethvl Ether 


Isatin ether (0.3 was heated sealed tube with benzyl bromide (1.5 g). Heating was 
for hours hours When the tube had cooled, fine crystals came down and the volume 
was found somewhat reduced (1.5-2 mm). The solution had become more reddish Opening the 
tube revealed pressure. The crystals were filtered off and washed several with ether 
(0.09 crystals). the melting-point test, the substance began change its color somewhat from reddish 
yellow brown but did melt whea heated From the benzyl bromide sclution further 0.04 


Jown; was with ether and tested for melting point, but did not melt 292* aad grad- 


Action Benzyl Bromide Ether 


ether ard benzyl bromide (0.38 were heated sealed tube for 
hours The solution became more yellowish color. The benzyl bromide was off undez 
reduced pressure, yellow substance (0.6 was was several times with ether and 


became almost black and melted 
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SUMMARY 


the action the and chloromethyl ethers methyl, ethyl, and propyl alcohois 
sodium and silver isatin, the isatin ethers have been prepared; isatin methoxymethyl 


All the derivatives obtzined were readily hydrolyzed, 


The hydrolysis products the methoxy-, ethoxy-, and ethers isatin were 
(obtained almost quantitative yield), formaldehyde, and the corresponding alcohols, 


the action the sodium and silver derivatives 
phenylmethane, benzyl bromide ard chloride, and a-bromo-p-xylene theze were obtained 


Attempts hydrolyze the substances 131°, and did not give satisfactory 
the substances were recovered unchanged, The question their structures remains open one, 


When the methoxymethyl and ethoxymethyl derivatives isatin are heated with methyl iodide 
with benzyi bromide, are 


Benzylisatin remains unchanged presence methyl iodide benzyl bromide, 
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SYNTHESIS AND ESTERS UNSATURATED 
CARBOXYLIC ACIDS 


Acrylic acids and their derivatives, which have conjugated system double bonds C=C-C=0, 
readily enter into various reactions, particularly polymerization Polymers 
acrylates, and particularly methacrvlates also acrylic acids, ace valuable materials (films, plastics, 
Plexiglas, Crystalite, etc.), which have been widely applied industry, The synthesis this class 


compound was sketched out [1] already 1894 terms the that be- 
tween distributed acetylene hydrocarbons and 


This reaction was studied the basis examples, and Favorsky [2] writes follows about it; the 
reaction which unsaturated acids are formed the action solution potassium carbonate 
dichloro ketones considered, the basis facts already given, general reaction, and view 
this may expressed the following series equations: 


However, the industry based acrylic acids was delayed the absence simple and 


accessible for the synthesis acrylic esters, Thus, 1927 methyl was obtained very 
complex route: 


Later, economicaliy sounder method for the preparation methylacrylate via 2-chlorsethanol was developed: 


this method, methyl acrylate now prepared industry method from lactic 


OCOCH, 


wider application has been accorded the methacrylates, which more readily and give products 
having more desirable properties; practical interest them therefore high, However, the synthesis esters 
methacrylic acid, the methyl ester, also requires complex methods 
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which does not differ principle from 


Quite recently has been described for the preparation methacrylic esters the condensation 
ketones with ketenes presence sulfanilic acid derivatives catalysts 


The higher esters acrylic acids are synthesized alcoholysis the methyl esters, natural, 


therefore, that the interest chemists the preparation more and more new acrylic acid derivatives 
unabated, 


The which also are very reactive compounds, recently become industrial products, 
thanks mainly the work Favorsky That why the combination vinyl ethers and 
acrylic acids opens the prospect preparing new, products and chemistry 
with new, extremely interesting compounds, 


The the present investigation was prepare from vinyl ethers and methacrylic acid series 
new estertike substances unsaturated nature, viz, the and study their properties, 


- 


the previous [6] method was described for the synthesis esters the 
addition carboxylic acids viny! This reaction has greatly simplified the acylals, 


The previously knowa for the preparacion via unstable ethers and salts 
acids more complex 


RCHO ROH RCHCIOR 


This reaction was modified follows 


For the synthesis unsaturated acylais made use the method direct addition methacrylic 
acid ethers: 


was that this reaction proceeds fairly and gives unsaturated acylals 65-80% yield. study 


was made effect the addition catalysts acids) the yield, but the expected 
yield was not obtained, 
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present communication describe the synthesis and properties a-benzyloxy-, 
end methacrylates, The starting were methacrylic acid and the vinyl ethers cyclo- 


hexancl, benzyl alcohol, and phenol, Ina number patents the vinylation hydroxy compounds, the 


vinyl ethers are inciuded Listed, but the constants and yields the first two are practically 
Passed over, 


yields vinyl ether were The acylals prepared from them ave liquids having characteristic ethereal 
odor; they polymerize when heated peroxide The structural peculiarities these acylals, 


tions increased exaltation, Our are given Table 


Hydrolytic these proceeds follows: 


CH, 
TABLE However, the rate which this 
occurs appreciable extent the 
Compound Difference hydrolysis brought about fairly rapidly 
acids (simple for min), When 
(cyclohexyl), hydrolysis under the same 
t 4 + +4 
Cyclohexanol (100 and solid caustic potash 
and heated with acetylene, was 


the mobile brown liquid (115.5 was 
obtained, The autoclave was washed with ether, 
The ether extracts were added the main product, 


which bad becn with ether, The the was washed several times with water 


separating funnel, All tne wash waters were shaken, their 2-3 times with ether, All the ether extracts 


were dried with potassium and filtered, The solvent was removed, and the vacuum- 
fracdonated, vinyl ether 68.6%), 52-£4*/23 was obtained, from 


cyclohexanol and caustic potash the same 182 ether was cbtained 
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and (0.15 mole) having the above-indicated constaats were heated sealed tube 


The cyclohexyl ether was hydrolyzed means sulfuric acid, The acetaldehyde 
formed was determined quantitatively [15] 


Found AcH (of theoretical) 


The conditions for the synthesis benzyl vinyl eth.. were the same for the synthesis cyclohexyl 
ether, From 110 benzyl (freshly distilled) and caustic potash, with 
acetylene under pressure atm, 84.7 obtained, Similarly, from benzyl alcohol 
and potash 67.5 (68%) benzyl vinyl ether was obtained, b.p. 82.5° 


Found AcH 98.24 (of theoretical) 


SYNTHESIS ACYLALS 


water bath fur hrs, The reaction were fractionally distilled nitrogen, 
which was passed through alkaline solution thrqugh sulfuric acid, and sclid caustic potash 


ether (12.7 were introduced into three-necked flask fitted with reflux condenser and mechanical, mercury- 
sealed with constant acid methacrylic acid taken) was added alcoholic 
solution, was slow spontaneous rise the temperature from min, and the 
temperature was then this level for The reacticn was overnight and thea vacuum- 


was 


Cri, 


Expt. (without proceeding under the coaditions the previous synthesis from 8.6 
mole) the acid and (0.16 mole) cyclonexyl vinyl ether, heated sealed 


‘ 
‘ 
Mantes 
x 
wt 
. 


Expt. (in presence cataiyst), proceeding under the conditions the 
synthesis from freshly distilled methacrylic acid and 19,4 cyclohexyl vinyl ether presence 
sulfuric acid, obtained 13.65 (79.1%) acylal, mm, 


found 59.02, calculated 52.246, 


Found AcH 


| 
1-Phenoxyethyl Methacrylate CH,CH-O-CO-C=CH, 


The synthesis methacrylate wss carried out means heat presence catalysts, 
The addition methactylic acid phenyl vinyl ether mace conditions (higher temperature and 
more and these lead polymerization the phenoxyethyl formed, 

follows from the results given Table that with excess vinyl ether 20% and with 
various periods heating the acylal remains The plienoxyethyl 
methacrylate was carried out stream nitrogen presence toluylenediamine, 1-Phenoxyethyl 


Found 


TABLE 


Synthesis 


per mol acid) fractiona- 


further heating 60* 
1.26 min exothermic reaction and 90.8 


Found hydrolysis with acid: AcH theoretical, 
SUMMARY 


Unsaturated acylals have been synthesized for the first time from aralkyl vinyl, vinyl, and 
cyclonexyl vinyl ethers and 


The properties the acylals obtained have been described, 


The relation between the rate hvdrolysis these and the structure the redical 
been feund, and its basis have been placed series diminishing tendency 
the acylals hydrolysis, 

Received 23, 1951 Institute Organic Chemistry the 
Acadeiny Sciences the USSR 


* Sag 
| 
al, 
bag 
= 
e 
. 
- rat 
3 
- 
451 


LITERATURE CITED 


alcohois, and ethers, Doctorate thesis, 1895 (quoted from Selected Works 
Favorsky, Acad, USSR Press, Moscow-Leningrad, 1940, 93). 


Barret, 2305663 (1942) (quoted from the compilation Monomers Blant Marx, Hohenstein, 


Frank, 2461016 (1949); Chem. 43, 3838 (1949), 
Friend, Clark, Cox and Mack, Chem, Soc, 39, 712 (1917). 
Paloma and Saimi al,, 68, 305 (1935). 


1326 


4 
4 4 
, 
ae 
bey 
~ 
: 
. 
: 
‘ 
Pais 
: 


SYNTHESIS SULFUR COMPOUNDS THE AID VINYL ETHERS 


ween 


the present description the canditions synthesis and also certain 
vinyl ethers, The ethers bave confirmed the that heve established 
for the addition reaction between gaseous hydrogen sulfide and vinyl ethers dioxane presence 
HCl catalyst The yield reaction products, mixture isomeric dialkoxy derivatives 


(1), 


The percentage contents this mixture determined the ald the analytical 
method proposed the same communication based the decomposition sulfides 


The new representatives the derivatives diethyl sulfide, which have 
are similar those previously and differ greatly thermal stability 


dialkyl acetals (VII, and the (IX, according 
equation 


-alkoxyethyl mercaptals, like other members the mexcaptal class not 
give complex salts with chloride, but with the Latter according Equation 
formation alkoxyethylmercaptomercury (V, identical with obtained from the 
ponding sulfides TV) (Equation 1), 


similar analytical method was proposed earlier Holmberg [2] for the quantitative 


derivatives acid mercaptals and mercaptoles), 
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Thus, new examples have been found that confirm the characteristic chemical behavior sulfides 
Laving groups the carbon adjacent the sulfur atom, 


Action Hydrogen Sulfide Isobutyl Vinyl 


isobutyl vinyl there was added, after preliminary min passage hydrogen sulfide 
through the system, 17% catalyst (0,1% HCl ether taken), The experiment was carried out 
under pressure hydrogen sulfide room temperature for 12.5 appreciable rise temperature was 


action mass was 


Fractional distillation 


Unchanged 
Residue, viscous substance 0.8 


gave qualitative for mercaptan, Fraction was mixture the sulfides 


was carried out After hrs, very absorption hydrogen sulfide began, After the increase 
was Fractionation the product yielded unchanged ether (6.6 g), and the residue was fractionated 


the product collected the trap and diisobutyi acetal 

disproportionation from sulfide and characterized below derail, The 
yieid the sulfide fraction (3) was 87% Amount titration; 26.7; 26.4 


Thus, under conditions lower acidity the percentage a,8-isomer the mixture but rise 


the reaction temperature accompanied increase the extent the 
with formation fractions and 


The mixture disulfides was resolved into the practically pure isomers vacuum fractionation through 
column 18-20 theoretical plates, 


Sulfide 


not give acid reaction presence mercuric chlorids, but forms 
complex compound with mercuric chloride that crystallizes large 
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aifferent from those cited us, are For the complex compound 
the obviously erroncous 71° given, This lack must attributed 
the incomplete purity the obtained the author, who studying the action zinc dust 


sulfide alcoho! obtained complex mixture products, which separated further 
the method simple fractionation ordinary pressure, 


69,21; calculated 


Found 61,41; 61,33; 11.23; 12.15; 13,48 


(a) Reaction alcoholic solution mercuric chloride with the sulfide gives, accordance with 


The precipitatea white chicride was obtained 
crystallization from large amounts boiling the form white tabular crystals, 144. 


dioxane were sealed tube boiling water bath for hrs, 


After two distillations, the following fractions were obtaincd: 


Fraction after treatment with metallic sodium and repeated tractionation was found 


gave for acetal: 


Fraction was found bis and had the following constants after 


36,04, 


(c) Action mercaptal (IX) (equation 3), 20% alcoholic 
solution mercuric chloride was added the (0.55 finely white precipi- 
tate (V) formed quickly, The after being washed with 
cold alcohol and dried vacuum desiccator, weighed theoretical After being recrystal- 
lized twice from hot alcohol, the precipitate melted 144° and was undepressed when mixed with 
chloride (obtained from the 


Action Hydrogen Sulfide Vinyl Ether 


out for hrs and hrs The wtal increase weight the reactior 
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(b) the ether, 0.5 catalyst HCl), The experiment was carried out mom 
temperature (19°), After 5.5 the temperature the reaction mixture reached 26°, and absorption hydrogen 
sulfide started suddenly, The experiment for Increase weight, The residue after the un- 
changed ether (2.4 had been driven was fractionated: 


Amount (IV) the 61.1; €1.2%, Yield fraction (mixture the sulfides) 


Separation the mixture isomers was carried out, the previous case, vacuum distillation through 
efficient these substances have high viscosities, the fractionating process was rendered difficult, 
and the (IV) consequently isolated pure form, 


not give acid reaction aicoholic solution mercuric chloride; b.p. 
mm; found MRp 78.4; calculated MRp 


liquid complex compound with mercuric For this the literature gives b.p, 


The decomposes when treated with solution chloride with 


formation chloride and with separation (in accordance with 
Equation 1). 


Content found (IV) 91.9; 
After being recrystallized twice from hot alcohol, the mercury derivative melted 
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order bring about its disproportionation, the was heated presence 27.6% HCl 

ml) dioxane for hrs boiling water bath, The tube was opened and the reaction product diluted 

with was washed four times with water separating funnel (to remove acid) and then The 
ether was removed, and the reaction was 


was separated diisoamyl acetal (VIII); b.p. mm; 1.4158; 0.8358; found 60.72; 
ethyl) two fractionations had the following constants: mm; 
0.9569; found MRp, caiculated MRp 95.31. 


mercuric chloride, these was obtained, with equation 
chloride After two recrystallizations and was undepressed when mixed with 
chloride ovtained from the 


SUMMARY 


has been shown that addition hydrogen sulfide isobutyi vinyl and vinyl ethers 
dioxane presence HCl urder conditions similar those described for other vinyl 
again results the formation mixtures and derivatives diethyl 


study has been made reactions new homologs the series dialkoxy- 
diethyl sulfides and 
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SYNTHESIS THE VINYL ETHERS HIGHER FATTY ALCOHOLS 


The method for the vinylation alcohols has received general 
and wide applicatien laboratory practice and industrial production, The great interest arcused vinyl 
ethers has the the vinylation higher fatty alcohols into prominence, The sporadic 
coacerning few alkyl vinyl ethers that found the foreign patent the isolated facts 
our own Literature not complete picture these compounds, 


order make study the general and individual these ethers, the vinylation the 
following alcohols was umlertaken: hexy!, cyclohexyl, octyl, iso-octyl, nonyl, and decyl (see 


Table 
Used exhibits certain The vinylation process pro- 


alcohol 


ceeds more slowly than for the 
only 72-80% the acetylene 
absorbed When the temperature then raised 


alcohol temperature causes secondary 
The rate the initial pressure 
Octyl acetylene For initial pressuze 17-18 atm the 
179-180 iess than for 12-13 atm initial Hexyl alcoho! 
vinylates more rapidly than alcohol, cyclic 
alcohol 214-215 alcohols vinylate somewhat mere slowly than the 
Also, the purification the ethers com- 
Decy! alcohol 231 plicated, The the alcohols, applied the 
Cyclohexyl case, since the higher alcohols practically insol- 
uble water, The alcohol forms with the 
vinyl ether, and fractional distillation 
and heptyl, and cyclo- others [3} corrected physical constants are cited 
hexyl for vinyl ethers, However, the boiling points 


py 


q 
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Fig. Dependence time required for complexity 
iso-cctyl 


NOTE: mole alcohol was taken, 


hexyl vinyl and vinyl ethers mole) means aqueous sulfuric acid 3~4 hrs showed 
that they are completely decomposed into aldehyde and The products obtained were characterized 


their constants, 


will seen from Table the sp.gr., refractive index, and refraction reguiar 
fashion with increase the molecular weight the ether accordance with held ideas conceining 


perimentally determined molecular the aualyses for carbon and hydrogen 
the purity the synthesized, 


this homologous series, The exp 


will take example the vinylation hexyl alcohol 


alcohols, and they are more 


the octyl and ethers are 
given for reduced pressure and 

the regular rise the 
boiling points tne ethers associated 
with increasing the 
radicals deciding the import- 
ant question the stability the 
ethers heat, The investigations 
shown that the alkyl 
vinyl ethers can distilled 
ordinary presswe without decom- 
The ethers have lower 
boiling points than the corresponding 


When for long time months 

more), the ethers become slightly 
yellow and partially 
Hydrolysis, course, one the 
methods for the establishment 

the structure and the purity 

alkyl vinyl ethers, Hydrolysis 


The vinylation was 


carried out autoclave, The alcohol moie) and KOH (24 were introduced into the 


autoclave, and acetylere was passed under atm 26°, The was switched on, and the 


was set rotation; the pressure 20-21 atm, but began 


The first two 


portions were fully absorbed, but the next was absorbed only the extent 40-70%, When 
the calculated amount acetylene had been absorbed, the rate absorption fell 
intensify the process, the temperature was raised thus absorption acetylene 


proceed the theoretically possible amount, 


When the autoclave had theresidual acetylene was allowed escape, and the reaction mixture 
was removed, the being rinsed with ether, After standing, the brown reaction mixture separated 


out into two layers, liquid upper layer, 


thick, viscous lower The liquid layer was poured off and 


fractionally distilled; the lower layer was extracted with ether, three four being required complete 


the extraction organic substances, The extraction 
The ether extract was united with the ethereal washings irom the autoc!ave and then distilled, 


t 


order increase the yield the vinyl ether, 


The crude vinyl ether was treated five times with metallic sodium, and each treatment was dis- 
tilled from Favorsky flask, was through column 15-16 thesretical having glass 


Altogether 342.5 (89.2%) pure was obtained, 


Hydrolysis 


mixture consisting hexyl vinyl ether (19.2 mole) and (15 ml) was placed 
flask fitted with stirrer and reflux condenser and was heated foz hrs the 
was collected coil trap connected the condenser and cooled means solid 
carbon dioxide The yieid acetaldehyde was 6,90 and (98%) hexyl alcohoi was 
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TABLE 
Properties Alkyl Vinyl Cthers 


Name and Formula Yield 


Hexyl ether 


Described for the first time 
Polymerized heat 


obtained; both compounds were characterized physical constants (aldehyde, 


MMARY 

study has been made the the fatty alcohols, 

The vinyl ethers have been obtained yields 

ethers have been characterized their physical 
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DESULFURIZING ACTION TROSHKOV KAOLIN 


Although there wide literature the desulfurization motor fuels, the problem desulfurization 
not yet fully solved, This question, however, assuming increasing importance now that manufacturing and pro- 
cessing concems are being supplied with considerable quantities sulfur-containing petroleums ard with tars, 
containing various amounts sulfur, from coal, shale, and sapropelites, well known, sulfur compounds 
cause corrosion and formation deposits they adversely affect the antidetonation characteristics the 
fuel, reduce its sensitivity and produce number other undesirable phenomena, The permitted 
limit sulfur automobile gasolines the for gasolines obtained from sulfur-containing petroleums 
necessary, however, aim considerable reduction these upper limits, 


Thus, [1], investigating the effect the sulfur content the gasoline the functionicg the 
engine, fourd that the sulfur the gasoline from 0.6% reduces the power and 


reduce the content sulfur gasolines 


our previous investigations, this kaolin used starting material for the good refining 
catalyst for the fractions the primary tar order study its 
desulfurizing propeusity, the Troshkov clay was applied the treatmeni sulfur-containing direct-distillate 
and also desuifurized gasoline which additions particular-sulfur compounds had been made, 


EXPERIMENTAL 


The catalyst was fiom clay that had not been activated with acid, Desuifurization was carried 
Out atmospheric pressure the usual apparatus used fur catalysis The temperature was 
mezsured means Gasoline was passed space velocity Before the experiment 
the furnace was heated the necessary and air was blown through the catalyst tube order de- 
hydrate the catalyst more the end the the catalyzate was washed with 10% caustic soda 
remove the hydrogen sulfide formed) and with water, was then dried with calcium chloride weighed, 


and determinations were then made sulfur method®), refractive index, specific gravity, 2nd amount 
hydrocarbons, 


The original gasoline the variety that used for the most part our study the desulfurizing 
action kaolin, had the following sulfur content 0.185%; iodine 
no, sulfonatabie hydrocarbons 10% 

Composition 


residue less 


First all the effect temperature the the gasuiine was determined, 
For this purpose catalvst was takeu catalysis tube internal diameter each experiment 


gasoline was passed portions, were intervals from 200 The re- 
sults are given Table 


the basis the results obtained the optimum desulfurization temperature 
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TADLE The sulfur content the gasoline 
was reduced this temperature 


content, alter (see Table 1), order 


hermal and catal 

lyst (in the latter case some glass 
450 2.0 tube) 


The results Table 
that under these conditions 


temperature thermal treatment 
gasoline gives considerably iower degree desulfurization than catalytic 


order determine the stability the and the possibility its regeneration, prolonged experi- 
ments were carried out the catalytic treatment gasoline with Troshkov clay The experimental 
gasoline passed 109 portions; experiments all, After the passage 1000 gascline, the catalyst 


was regenerated air for hrs min (duration experiment), The results obtained 
are given Table 


Altegether, the catalyst 
Comparative the Desulfurization Gasoline presence min, during which time 


Troshkov Clay and Glais was tegenerated three times, 


change, The yield cata- 
2.2 lyzate, washed with aikali 
and dried with calcium 
was about 97%. 


0.285 


0.101 3.6 
wool 


0.172 3.2 


clay 500 0.033 2.2 over the clay, the average 

This gas had the tollowing 

composition: 

will seen from the results, the sulfur content catalyzates obtained passage the gasoline 

over fresh catalyst has not been (the experiments) reduced comparison that 
the gasoline The regenerated catalyst, the otber hand, carries the desulfurization 
the catalyzates experiments 15, 16, and the sulfur content reduced factor 

The phenomenon increased activity silicate catalysts after regeneration has been noted also 
cracking reactions The catalyzate had the following properties: 1.4185; 0.7335; 
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TABLE 


Variation Catalyst Activity the Gasoline 


Variation the Activity 
Thermally Activated Catalyst 


the Desulfurization Gasoline 


Expt. No, Sulfur 


content, 


Sulfur 


1.4185 


Original gasoline 


0.011 
1.4150 0.030 
Fractional Thus, result the 
400°, the sulfur the 


the “light® direction, 


compared with the original imporiant-to note that the process 


losses, 


was interest whether the great the desulfurizing propensity the clay caused 
regeneration (see depends only thermal action, whetner some cther factors are With 
this view, portion catalyst (30 ml, 22,9 tube diameter mm; length catalyst layer mm) 
was stream air under tne the regeneration, Gasoline (30 mJ) was then passed over 
the catalyst 400° space velocity 0.3, The sulfur content the gasoline fell 0.011% (see expt. 
Table 4), Without thermal activation the catalyst, the sulfur content the gasoline fell 0.031% (see expt. 


Table pricr thermai treatment the clay its desulfurizing propensity factor approxi- 
mately 


portions gasoline were passed over the same catalyst before was regenerated, The results 
are given Table 


results given Tabie show that desulfurizing propensity the catalyst preserved for fairly 
time, although does After working for 136 hrs the catalyst reduces the sulfur content 
the gasoline factor (expt. 41, Table 4), The subsequent regeneration the leads the 
complete recovery its original activity (expt. 42, Table 4). 


have carried out desulfurization experiments also two other gasolines and The 
catalyst for the gasoline was used after and the the 
were before (400°, space velocity 

The results the experiments are Tabie 


Thus, also for these gasolines Troshkov clay good desulfurizing 
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TABLE order elucidate the effect the nature 
Troshkov Clay process, carried out experiments gasoline 

which particular sulfur compounds had 
been made, Gasoline treated carefully with oleum 
had the following properties; 1.4105; 0.7335; 
sulfur content 0.003%, this gasoline, additions were 
made propanethiol, thiophene, tetrahydrothiophene, 
diisopentyl sulfide give calculated sulfur 


content about 0.2%. Determinations were made 

the sulfur contents and reiractive indices these mixtures, 
Catalyzate 0.003 


The samples were passed portions under 
the same conditions over the same volume catalyst; 
some samples were passed twice succession, each new sample had been treated catalytically with the clay, 
the catalyst was regenerated, The properties the original mixtures and the are given Table 


Thus, catalyst prepared from 
TABIE 

Troshkov clay effects almost complete 
Results Desulfurization Experiments Gasoline removal from sulfur present 
Particular Sulfur-containing Compounds mercaptan thio-ether 


Sulfur double passage), single passage 


double removes 70%. The question 
gasoline complicated catalytic treatment the 
propanethiol 1.4110} 0.180 sample thiophene-containing gasoline 
Catalvzate Odor hydrogen removes about 34% the sulfur present, 
Catalyzate after investigation has been made 
second passage 1.4135; 6.133 into the desulfurizing action 
Purified gasoline kaolin samples sulfur-containing 
Catalyzate 0.146 with with sulfide, 
Caialyzate aiter with thiophene, with 
ditsopentyl sulfide 0.193 prepared from unactivated Troshkov clay has 
sulfide catalyzate has been found that thermal 
Catalyzate 1.4169 Ditto activation the clay increases its desul- 


Troshkov clay removes from not only aliphatic sulfur-containing compounds 
thio-ethers), but also cyclic sulfur compounds 
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CATALYTIC ALKYLATION AMMONIA WITH HALOGEN DERIVATIVES ALKANES 
AND CYCLOALKANES 


COMMUNICATION 


There information the literature concerning the catalytic alkylation ammonia the vapor phase 
means alkyl and cycloalkyl halides, There are, however, number investigations the synthesis 
amines the action liquid ammonia certain organic halogen compounds [1], Work with liquid ammonia is, 
course, carried out under pressure autoclaves, process that attended consideiable difficulties, 
therefore set ourselves the task studying the conditions required for the catalytic synthesis the 
and alicyclic series system under ordinary pressure, The vapor-phase method for 
the catalytic synthesis amines atmospheric pressure has great possibilities the production these impoz- 
tant substances will great for the further development the chemistry and technology amines, 
result our investigations have succeeded finding suitable based magnesium oxide, 

which, under suitable promotes the catalytic synthesis amines high yieid from alkyl 


EXPERIMENTAL 


_In the the literature amination alcohols and alkenes was 
taken intc account, However, the must active catalysts for the amination silica gel, etc.) 
were found unsuitable for our purpose; the yield amine was low when they were used, and che 
same time splitting-otf halogen halide with formation unsaturated occurred appreciable 
extent, view the latter was decided that further work catalysts for 


tion alkenes should used that the moment unsaturated hydrocarbons should converted 
amines, 


Teter alkylated with aikenes presence oxides and deposited 
bentonite that been treated with catalysts tried reduced nickel and cobalt, also their hydrox- 
ides and halides charcoal, pumice, kieselguhr, and silica However, they were found 
unsuitable, for the undesired formation unsaturated hydrocarbons was found occur their preseace, 


frer lengthy investigations found that amination the compcunds proceeds with good 
yield amines presence magnesium oxide, This catalyst retains its activity for 3.5 
hrs, after which can regenerated heating air dull red heat with pure air 350° 
the reaction tube were carried out with 1-chlorobutane, 1-chlorohexane, 1-chlozoheptane, 
1-chlorononane, chlorocyclopentane, chlorocyclohexane, and 
The properties the halogen compounds taken for investigation are given Table 


The halogen compounds weze introduced means automatic buret into silica flask, into which 
gaseous was passed simultaneously, The flask was heated oil bath, The mixture vapors was 
into glass tube containing catalyst; the tube was situated electric furnace fitted with thermo- 
regulator, The volume catalyst was 160 all experiments; the molecular ratio ammonia aad halogen 
derivative 2:1; the space velocity taken 0.2 all experiments, The reaction products were 
collected receiver cooled with and sali, The cundensates obtained were dried means 
sodium and were for content The estimation primary 
amine was carried Van [5]. The content tertiary amine was estimated the 
mixture amines with acid and titrating the amine subsequently distilled The amount secondary 
amine was found difference, The gases formed the reaction were collected graduated 
analyzed the usual method; hydrogen was estimated Jager*s method [6] combustion over copper 
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TABLE all the catalysts tried, one based magnesium 
oxide gave the best for the alkylatiou ammonia 
(see Tables and 3), Low yields were obtained presence 
SUMMARY 
phase ordinary pressure has been out wich good 


0.8702 various catalytic agents tried, the most 

1.4621! nesium oxide. 

The amine contents the catalyzates obtained 
presence this catalyst the reactions between 
and (space velocity 0.2) were 60.0, 60.5,61.0, 63.0, 77,0, and respectively. 


TABLE TABLE 


Synthesis Aliphatic Amines 310° Presence Catalyst Prepared 


Synthesis Alicyclic Amines 340° 
from Magnesium Oxide 


preseace Catalyst prepared 


orig. 


1-Chlorobutane 


80.5 11.4 


halogen 
83.5 9.7 8.0 Chlorocyclohexane| 


The effec: has been studied the length the carboa chain the yield amines, 


and has been shown that with increase chain length from the amine content the catalyzate rises 
from 60.0 


presence the same catalyst 340° and under otherwise identical conditions, chlorocyclopentane, 


and bromocyclohexane yield catalyzates containing 11.5, 10.2 and 9.7% amine nitrogen 
respectively. 
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THE PREPARATION STYRENE CATALYTIC DEHYDROGENATION THE 
CYCLOHEXANE FRACTION MATKOP GASOLINE 


Catalytic dehydrogenation ethylbenzene the most widely used for the preparation styrene 
and the method that has received the greatest amount study The reaction occurs 600-650° 
presence difficultly reducible metal oxides catalysts, The styrene greatly increased diluting 
the ethylbenzene vapor by, e.g., carbon dioxide, steam, One the first investigations this field 
was that Zelinsky and coworkers this study was made number catalysts for the dehydrogenation 
ethylbenzene 2nd the way which temperature, nature diluent, degree dilution, and other factors 
affected the course the These showed that oxide catalysts 
vanadium-aluminum are high activity and are readily regenerated, 


The reaction, discovered Zelinsky, which cyclohexane and its homologs are over 
palladium platinum black basis for the development new method for the study the 
chemical nature gasolines This reaction, which the six-membered cycloalkanes are converted 
smoothly into the corresponding aromatic hydrocarbons the basis method for the ex- 
haustive catalytic aromatization gasolines The oxide catalysts oxide, vanadium oxide, etc.), 
also are able initiate dehydrogenation cyclohexane but the reaction occurs higher 


considered that would interesting investigate the possibility extending the method for the 
cycloalkanes the catalytic synthesis styrene from the ethylcyclohexane petroleum, 
Two methods for this can envisaged: catalytic the ethylcyclohexane fraction 
over charcoal and subsequent the ethylbenzene obtained (in 
with xylenes, alkanes, and five-membered cycloalkanes) and-b) separation 
and xylenes from the aromatized ethylcyclohexane fraction and subsequent catalytic dehydrogenation 
Also third variant the synthesis may pointed out direct the ethyl- 


cyclohexane fraction over oxide catalysts simultaneous dehydrogenation the ring and 
the 


Investigations this direction been carried out one conjunction with Usov and Marukyan 
studied the dehydrogenation the ethylcyclohexane fraction Maikop gasoline over 
copper-chromium oxide catalyst 625° stream carbor The catalyzates contained. 
styrene. Dehydrogenation under similar conditions previously aromatized 
hexane the same gasoline yielded catalyzates containing 20-25% styrene. Thus, two variants 


the synthesis styrene from the ethylcyclohexane petroieum have been The present work consti- 
tutes continuation and development the above investigation, 


The dehydrogenation the ethylcyclohexane fraction gasoline and the product its smooth 
catalytic aromatization 300° was carried out 575° over catalyst based the oxides vanadium and 
aluminum, changing the reaction conditions with respect those used the previous work, endeavored 
restrict, far possible, the hydrocarbors, Separation the ethylcyclohexane fraction the 
gascline was carried out the aid considerabiy more efficient column, The determination the combined 
content ethylcyclohexane and natural ethylbenzene was out method, The results 
this determination wer2 lower than those the previous work the Raman-spectrum method, 

This divergence probably due difference chemical composition the two different samples 
Maikop gasoline taken for investigation and also, the use insufficiently pure 


the present investigated also the third variant the catalytic synthesis styrene from the ethyl- 
cyclohexane separation ethylbenzene-xylene concentrate followed its dehydrogenation, 
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EXPERIMENTAL 


For the investigation took the Maik gasoline, aromatic hydro- 
carbons and characterized the following constanis; boiling limits 41-165°; 0,7630; 1.4125, The 
head fraction (up the gasoline was separated the use laboratory column theoretical 
plates, The remainder was carefully fractionated through column theoretical plates, and the fraction 


was separated, This fraction had and contained 26% aromatic 
hydrocarbons, 


Aromatization the Fraction 


The fraction b.p. 127-134* was aromatized smoothly passage over platinized charcoal space 
velocity The high activity the catalyst with respect cyclohexane was characterized 
the refractive index the catalyzate catalyzate obtained from the ethylcyclohexane fraction 
contained 47% aromatic hydrocarbons and had and second passage over the catalyst 


changed the refractive only Thus, the aromatization the 
complete after the first épefation. 


Determinatioa the Content Ethylbenzene the Cataiyzate 


The estimation was catried out treatment the catalyzate with 
solution permanganate (which oxidizes the ethylbenzene and xylenes contained the catalyzate) according 
the method described Moldavsky and coworkers with the modifications Maslyansky 
and Berlin [12]. was found that the distribution aromatic hydrocarbons the was 
ethylbenzene, 28.4% o-xylene, and 36.1% and p-xylenes, 


The ethylbenzene the catalyzate cousisted natural ethylbenzene and the ethylbenzene formed 
dehydrogenation noted above, the catalyzate contained 47% arcmatic hydro- 
carbons, Hence, the combined natural ethylbenzene and ethylcyclohexane the original fraction 
the fraction, more efficient column and narrower range 
would probahly required; however, separation fraction withia range less than leads incem- 
plete extraction from the gasoline, 


The lowness the concentration the original fraction and also, therefore, 
the aromatization product froin this fraction decidea the main course further work: separation 


and investigation ethylbenzene-xylene concentrate, The second the dehydrogenation variants 
above was therefore taken the basis the main line 


Separation the Ethylbenzene- Xylene Concentrate 


order separate ethylbenzene and from the product the smooth catalytic 
the fraction, made use distillation with methanol There are indications the 
literature that this method unsatistactory when the boiling points the azeotropic component (methanol) 
and the hydrocarbons that are removed with differ more than 50°, This method was therefore checked 
artificial mixture ethylbenzene and the dearomatized gasoline fraction after treatment with 


was established this way that methanol quite suitable for the separation ethylbenzene from 
the gasoline fraction, 


order that the separation ethylbenzene the aromatization product from the fraction 
should complete possible carried out the fractionation with large excess methanol. The opera- 
tion was carried out two stages, Methanol was added the aromatization product that the ratic 
aromatics methanol became 1:2 The was distilled through column theoretical 
plates, azeotrope being separated The residue contained 70-80% aromatic hydrocarbons, Further 
methanol was added the residue give non-aromatic/methanol ratio 1:7, and second fractionation 
residue aromatic hydrocarbons and methanol and practically alkanes 
The hydrocarbons were readily freed from washing with water, 


The space velocity, both here and iater, expressed liters substance passing one hour over one liter 
catalyst, 
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example, will give the results such distillation; Aromatization product and 
methanol (328 were distilled through column theoretical plates, mixture 
was collected, Methanol (600 was then added the residue, and after second 163 
concentrate, After being freed from methanol and dried over chloride, came 


over when distilled over sodium the range had 0.8712, and coasisted entirely 
aromatic hydrocarbons, 


was established above that the aromatic the catalyzate from the 127-134° fraction 
refer future the ethylbenzene-xylene concentrate, had the same composition, 


Procedure Used for the Dehydrogenation the Concentrate, 
the Ethylcyclohexane Fraction, and the the Catalytic 
Aromatization the Latter 300° 


Dehydrogenation was carried out over catalyst based vanadium and aluminum oxides, The 
was contained silica tube, diameter, The tube was placed electric furnace, which was 
provided with thermoregulator and mercury relay, The temperature was measured means thermo- 
couple, contained silica jacket inserted the layer catalyst and potentiometer, Tempera- 
ture variations were not greater the reaction tube there was three-way junction 
connecting the thermocouple, the buret for delivery the material dehydrogenated, and 
carbon dioxide generator, The rate delivery carbon dioxide was regulated the aid 
its exit the reaction tube was receiver, which was well cooled ice, The content styrene 
the dehydration catalyzate was dete:mined titration method all experi- 
ments the material was diluted with carbon dioxide, the volume ratio being kept constant 
(5.6 liter CO, liquid material), 


Debydrogenation the Concentrate 


The principal results obtained the dehydrogenatiun the ethylbenzene-xylene concentrate are given 
Table For comparison, results are given experiments pure ethylbenzene carried out under 
conditions, The column the table contains values for the degree conversion ethylbenzene into 
These are calculated from the ratio where the contenr the 
genation catalyzate, and the ethylbenzene content the material 


The high degree conversion the etnylbenzene present the ethylbenzene-xylene concentrate 
comparison with that pure ethylbenzene noteworthy, increase rhe degree 
occurring when diluted with xylenes has been noted other investigators, Marukyan [16] 
studied the ethylbenzene admixture with over catalyst based copper 


and oxides and established that reduction the the initial mixture 
34% results its being completely 


Determination the Polymerization the Stvrene Cuntent the Cataly- 
zates Obtained Dehydrogenaticn the 


The combined catalyzates from number experiments the dehydrogenation the ethylbenzene- 
xylene concentrate was found titration method contain 22.8% was considered 
interesting check this result another method, For this purpose, the catalyzate (81 and benzoyl peroxide 
(0.8 were sealed tube, which was heated 150° for hrs. The catalyzate that had been treated this 
way was distilled from Ciaisen flask under 250 pressure, The greater part distilled the range 85-90° 
and The residue was then placed under warmed gently until effervescence ceased, and 
allowed cool, 19,4 solid yellow polymer was obtained, the weight original catalyzate 
(after making correction for benzoy! peroxide). Hence, the value the styrene content the dehydrogenation 
catalyzate determined titration almost identical with that obtained the polymerization method. 


Dehydrogenation the Fraction and the Product its Smooth 
Aromatization 


The original fraction contained oniy 16.7% investigation the 
direct ethylcyclohexane styrene such low concentrations could not give satisfactory results, 
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taken approximate appraisal 


TABLE Nevertheless, 
son the results 
t 4 ‘ 1 i 
Temp. Material Catalyzate Yield Styrene Degree the original fraction 
exp:, dehydrogenated obtained catalyzate content conversion with those for the pro- 
taken (g) (g) ethyl- duct its smooth aroma- 


the 


Ethylbenzene- 13,1 prior aromatization 
xylene concen- the fraction, Such 
600 Ethylbenzene- 10.8 20,8 the first vari- 
xylene concen- ant for the dehydro- 


any advantage. 


may expected that dehydrogenation ethylcyclohexane styrene proceeds two stages: 


The first stage this reaction has already been realized the smooth aromatization the ethylcyclo- 
hexane fraction; simultaueousiy, dimethylcyclohexanes present the fraction were dehydrogenated also, giving 
xylenes, The comparison above showed, therefore, whether the performance this reaction two 
distinct stages (ethyleyclohexane being present fraction conceatration) could lead better results 
than direct dehydrogenation The results the dehydrogenation the 127-134° 
fraction and its aromatization product are given Table measure the activity the catalyst ob- 
tained from the experiments pure which were produced under similar conditions, 


The results the experiments sbowed that prior aromatization the original 127-134° fraction had 
appreciable effect the results the subsequent dehydrogenation this The styrene conient the 
produced dehydrogenation the original fraction was practicaily that the cata- 
lyzates produced the product the smooth chis fraction, Hence, the 
first the dehydrogenation the ethylcyclohexane fractiou (for !ow ethylcyclohexane 
the fraction) has advantage over the third variant (see above), and the reaction two 
distinct stages gives results that not differ under the investigated from results obtainea the direct 
with results one us, working with Usov and Marukyan 


The results that have obtained have prompted investigate the dehydrogenation pure 
hexane styrene, The results this work will published 


SUMMARY 


study has been made the conditions required for the with formation 


styrene the ethylcyclohexane fraction straight-distillate gasoline contact with cata- 
lyst basea the oxides and 


Results have been obtained for dehydrogenation styrene under different conditions the fraction 
mentioned, the obtained the dehydrogenation the cycloaikanes (ethyl- 


and dimethyl-cyciohexanes) contained the fraction presence platinized charcoal 300°, and also 
concentrate obtained from this catalyzate, 


has been shown that result dehydrogenation the ard also 
the product its aromatization 300°, 11-14% styrene obtained, When the catalytic dehydro- 
carried out the ethylbenzene-xylene concentrate, the yields styrene rise 
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TABLE 
Dehydrogenation the Fraction and the Product its Smooth Aromatization 
No, expt. (°C) genated obtzined content 
matezial 
taken 
547 Pure ethylbenzene 32.5 
zation fraction 12.4 
547 Ditto 13.5 


has been that prior aromatization the original fraction has effect the 
results its dehydrogenation. 
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HEXADECYL INORGANIC ACIDS 


the work the esters inorganic acids, which studied the aid 
parachor viscosity ‘Measurements, found necessary synthesize esters containing long hydrocarbon 
have recently synthesized number including the hexadecyl esters phosphorous, 


silicic, and boric found that these high molecular weights, could distilled 


290°/4 mm, and crystallizes temperature white mass, Aiter recrystallization from 
hexane under coolirg, has m.p, 


‘ oe ¢ o% - 


Davey [2] prepared trihexadecyl phosphite the action phosphorus trichloride hexa- 
decanol preserce pyridine. Davey gives the and does not indicate the have subjected 
the substance repeated recrystallization, but been unable obtain melting point 67. Tetrahexa- 


decyl orthosilicate was prepared Helferich and Hausen [3] solid Attempts distil 
under reduced 


borate was the boric acid with hexadecanol, colorless 


EXPERIMENTAL 


the esiers was carried out from flask containing glass wool und 


long exit tube fused low position; the receivers were fused this and the selection fractions 


was made the whoie was the receivers were fused off, 
phosphite aud (14 were introduced into the 


Found 


came over heating, acid drops) was added, (4.2 came over, 
the bath was When was distilled, small amount hexadecanol was driven off, and then, 


The final temperature 


Trihexadecy! (10 and boric acid (0.85 placed fiask and 


Water came off was the end the reaction under suction from 
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Found 1.38 


SUMMARY 


phosphite and orthosilicate have been prepared the 
ethyl esters corresponding acids means 1-hexadecanol, Trihexadecyl borate has been prepared 
the action boric All the esters obtained may distilled high vacuum without 
decomposition, 
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AND STRUCTURE DIALKYLPHOSPHOROUS 


the basis studies Raman spectra, Arbuzoy, and Vinogradova [1] concluded that 
the lower acids are associated, dimers the aid hydrogen bonds 


RO eee eee H OR 
H *eeeee Cc OR 
came similar conclusions for the lower members the series from study their patachors [2] and 


from direct molecular weight determinations benzene solution found 
monomeric condition only very solution, 


TABLE 


Name acid 


The higher members the acid series dioctyl-phosphorcus acids) 
are monomeric both solution, and the liquid state, Kosalapoff £4} has found molecular determina- 
tions benzene and naphthalene solutions that diethyl- and acids are monomeric, The 
infrared the lower acids their association showed that 


measurements the viscosity the higher fatty acids dilute indicate that they are associated into 


acids long hydrocarbon radicals (Tabie 


For calculation the theoretical value the viscos ity, zing taken six members, 
The origina! terminology retained, dialkylphosphorous acid being non-committal term what 
phosphonate, diaiky! hydrogen phosphite, tautomeric these. Publisher. 
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TABLE 


Name acid 


Soivent 


monomer 
calculated 


dimer 


calculated 


n(1.67%) 
n(2.21%) 


the results Table show, the values and the monomeric and for the 
dimeric forms the dialkylphosphorous acid, not differ greatly, but the found values 
mere closely the monomeric 


clearer picture obtained for the values which takes into account not only the length the 
longest chain the molecule, but also the weight the whole molecule its relation the members the 
fhe results obtained are given Table 


The results Table show that, according viscosity measurements, the acids 
the monomeric form. 


EXPERIMENTAL 


The dialxyphosphorous acids were prepared the action the 
alcchols, the transesterificaticn diethylphosphorous The acids were prepared 
action phosphorous trichloride the corresponding 
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and acids were obtained for 
the first 


Viscosity acid are not given, for the chain not suf ficiently long 


for determinations, The viscosities and acids were 
not determined, 


acid the higher alcohols was carried out presence 1-2 
drops ethanol ceased come over, the residue was 
appreciable amour: acids higher radicals, probable that the 
have been formed, 


The amounts taken were; acid hexyl 10g), Ethanol 
began come over bath temperature 140-150°; 5.5 came hexy! alcohol and inter- 
mediate fractions came over the fraction 142-150°/4 mm, second distillation gave dihexyl- 


Transesterification 


Transesterification 


The amounts taken were: ac:d alcohol Alcohol began come 
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the following fractions obtained; 


this point decomposition set in, and fractions catne over, fraction 
decomposition again set with formation readily volatile products, Fractionation fractions end over 


Duplicate The amounts taken were: acid and 
Alcohol began come over and was collected, Volatile products were driven off 
high apparatus haying fused-on receivers, When the temperature the thermometer was 
and the pressure was 0,015 mm, boiling commenced, but slight decomposition occurred the same time and 
distillation was stopped, colorless liquid remained the flask; standing, (11 
after recrystallization from hexane; admixture with alcohol; 
However, analysis showed that the substance was dihexadecylphosphorous 


temperature 5.5 alcohol was Fractionation gave the following fractions: 


After repeated fractionation, fraction having the was isolated: 104-105° 


From the higher fractions dihexylphosphorous acid was obtained: mm; 


Acid 


off, yielded the foliowing fractions: 


After further fractionation there were isolated: diethyiphosphorous acid, mm; 


Found 14,22 


During each distillation, readily volatile fraction acid) and fraction corresponding 
acid were separated, 


SUMMARY 


determinations dialkylphosphorous acids dilute carbon tetrachloride benzene solution 
give values that indicate that these substances are the condition, 


have been synthesized for the first time; didecyi-, dihexadecyl-, bis( (ethyl)hexyl-, 
and acids, 
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CYANINE DYES 
COMMUNICATION SYMMETRICAL N-ARYLQUINOCY ANINES 


Pilyugin 


have already shown when secondary aromatic amines react with paraldehyde, cyclization 
occurs with formation pyridine ring, and quinaldine derivatives having aryl radical the hetero nitrogen 
atom are Having thus prepared such aryi-substituted quinaldine derivatives for the first time, suc- 
ceeded converting them, concurrently with.cyclization, inte the corresponding quaternary saits, owing 
the Presence reactive group the are susceptible many chemical changes, Asa 


result we'have the prospect new organic various classes haviny the most varied properties, 


Our quaternary salts with aryl radicals the hetero been subjected the cyanine condensation, 


yielding carbocyanines symmetrical and unsymmetrical 


Thus, N-arylquinolinium salt with orthoformic ester, symmetricai dyes 
are obtained according the scheme 


NG Rt 


When the quaternary salts 


eact with iodide 
or with 3-ethyl-2-2 


unsymmetrical carbocyanines are obtained 


this paper shall examine the carbocyanines that have prepared, They are given 
the following 


must pointed out that the aryl radical the hetero considerably activates the group; 
this confirmed the readiness with which the quaternary salts undergo the condensation, 
even the form haiides (but not arylsulfonates), which not give the cyanine condensation all when 
there alkyl the Also, the high reactivity confirmed the fact that the quinocyanine con- 
densation occurs with orthoacetic ester; this not when there radical the hetero 
may explained the change resulting the effects 
methyl and the radical the hezero when the changed from 


This in- 
tween the 


can from the absorption spectra obtained that the introduction methyl fused benzene 
ring various positions the dye molecule leads various shifts the maximum, the 
effect being relatively great when the yroups are introduced some point the benzene ring the molecule, 
and considerably less when they are introduced into the grouping attached the hetero nitrogen, Thus, the 
methyl group introduced the displaces ihe absorption maximum the dye 
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Absorption 
Maximum 


TABLE 
614 
e 


TABLE (Continued) 


Formula dye 


maximum 


625 


645 


CH, 
a=. 


TABLE (Continued) 
No, Formula dye Absorption 
maximum 
CH, 


654 


the red ead the spectrum (compared with the unsubstituted dye). Fusion benzene rings the 5,6- 
the symmetrical dye displaces the absorption maximum (dyes and 


When similar substituents are introduced into the radical attached to.the hetero the 
chromic shifts the absorption maximum are considerably smaller, Aryl groups the hetero when 


compared with alkyl groups, are found cause bathochromic displacement the absorption maximum the 
cyanine dye molecule, 


EXPERIMENTAL 


aldiaium perchlorate and ethyl orthoformate were condensed pyridine (1.5 g), the mixture being 
boiled reflux for min, The dye was formed very soon heating was 
the reaction mixture tock intense blue color, The dye was isolated adding alcohol ml) the 
pyridine solution, heating the boil, and diluting with hot water inl), the next day the precipitated dye 
was filtered off and then washed with water and with amounts alcohol and ether. The dye, purified 


recrystallization from alcohol, consisted beautiful green crystals haying metallic luster, 276° (decomp,), 


Found 6,21 


-methyltrimethinecyanine perchlorate. 
perchlorate (1.5 was dissolved pyridine ml), and orthoacetic ester was added, 
The mixture was boiled gently for was then cooled, and the dye was precipitated merns 
off, and washed with ether and alcohol, The dye, after recrystaliizaticn fiom alcohol, 
powder having metallic luster, m.p, 231° (decomp.) (0.46 18%). absorption maximum the dye 
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perchlorate g), orthoformic ester ml), and pyridine (1,5 were boiled together 
flask under reflux for min, The mixture was cooled, and the dye formed was precipitated ether and dissolved 
small amount alcohol, the next day the dye was filtered off and washed with alcohol and ether, The dye, 


after recrystallization from alcohol, was finely crystalline dark-blue powder, Absorption 
maximum 620 


methyl-1-p-tolylquinolinium perchlorate (0.5 was dissolved pyridine ml}, ethyl orthoformate 
was added, and the was heated the boil for hr, heating proceeded, the reaction mixture acquired 
intense blue the next day the precipitated crystals were filtered off and washed with alcohol and 
dye was obtained, after recrystallization, the form dark-green crystals having metallic 


Found 5.98 


The quaternary salt (0.4 was dissolved pyridine ml), and orthoacetic ester was was 
mixture was boiled for hrs and became progressively more intense The dye was precipitated 
with ether, filtered off, dissolved small amount and precipitated with solution 
potassium chlorate, the solutions dye and perchlorate being first brought the boil, small amount 
water was added and the solution was boiled, When the solution was cooled, the dye precipitated then 
filtered off and washed with was recrvstallized from aqueous The dye contained (0.1 


Calculated 


perchlorate (0.2 g), ester and pyridine m!) were beiled together for 
The mixture was cooled, and the dye that had formed was addition ether was dis- 
solved alcohol and the next day, when was filtered off washed with water, alcohol, 
and ether, The dye, after recrystallization from aqueous alcohol, was the form finely crystalline daik- 


blue powder haying lusier, Absorption raaximum 618 


quaternary salt (9.4 g), orthoformic ester (0.2 ml), and pyridine ml) were placed flask and 
boiled for The contents the flask gradually acquired blue The dye was precipitated with 
ether, dissolved small amount alcohol, and then precipitated means saturated solution 


perchlorate, The dye, after recrystallization from aqueous alcohol,. melted (decomp.) (0.15 
Absorption 625 my. 


Found 5.08 


[Bis-2-(6-methyl-1-( 
perchlorate, The quaternary salt (0.25 g), orthoacetic ester (0.15 g), and pyridine were 
into flask fitted with reflux The mixture was gently boiled and given moderate shaking 
for hr. further amount (0.5 ml) orthoacetic ester was thea added the mixture, and 
was continued for further min. contents were treated with and smail. 
amount aicohol. saturated solution potassium perchlorate ml) was added the hot alcohclic 
The precipitated finaly crystalline blue dye was filtered off and washed with etber and. Tae dye, after 
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from aqueous alcohol melted (decomp.} (0.1 48%). Absorption maximum 620 


Found 


perchlorate (0,2 g), orthoformic ester g), ml) were boiled 
together for min with continuous heating proceeded, the reaction acquired green 
color, When the mixture was cooled, beautiful dark-green crystals the dye were precipitated. They were 


recrystallized from aqueous alcohol (0,06 41%). The the dye was 267 (decomp). Absorption 
maximum 645 my. 


Calculated % 41 


perchlorate g), orthoformic ester and pyridine ml) were boiled 
together for hr, green color developed became and more intense heating The solu- 
tion was cooled, and the dye was precipitated with ether, filtered off, small amount alcohol, 
and left stand until the nexi day. dye was off and washed with water, alcohol, and 


ether, The dye, afier from aqueous meited (decomp.) 37%), 
tion maximum 642 


iodide (0.2 g), orthoformic ester and pyridine ml) were boiled and shaken 
for min, When heaiing was applied, the mixture first darkened; then tock greenish 
tinge, and the end the heating period acquired intense color, The dye was precipitated 
with ether and dissolved small amount alcohol, the next day the precipitated dye was off 
and washed with alcohol and ether, The dye, after recrystallization from aquewus alcohol, melted 
(decomp, (0.035 22%). Absorption maximum 644 my. 


Found 117.88 


iodide g), pyridine ml), sad ester were boiled 
gently together for heating the reaction gradually acquired bright greer color, 
The mixture was cooled, and the dye was precipitated addition ether, The dye powder was filtered off, 
with alcohol and ether, and recrystallized irom aqueous alcohol, The dark-green dye melted, after 


Found 
Calculated 


express sincere thanks Tolmachev, senior scientific worker the Institute Chemistry 
the Kharkov State University, for help the determination absorption 


SUMMARY 


Starting from twelve new symmetrical carbocyanines having phenyl and 
naphthy! radicals the hetero nitrogen have been 


has shown that the introduction phenyl and naphthyl radicals the nitrogen 
quinocarbocyanines causes bathochromic shift the absorption maximum, compared with the N-ethyl 


carbocyanines insignificant hypsochromic shift the absorption maximum, compared with the 
unsubstituted 
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The presence aryl radicals the hetero nitrogen quinolinium sali increases the activity the 


This confirmed the readiness with which complex quaternary halides undergo cyanine 
tions, 
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CYANINE DYES 


COMMUNICATION UNSYMMETRICAL CARBOCYANINES FROM DERIVATIVES N-ARYLQUINALDINE AND 


Symmetrical quinocyanines were among the first the cyanine dyes Also, they were among the 
first the group for sensitization purposes, However, this question developed they 


‘became displaced [2], which were found more powerful sensitizers than quinoline 
derivatives, 


the present time, among all the classes sensitizing dyes, the thiacyanine class that ieceives 
the study and assigned the leading The position occupied the thiacyanine dyes re- 
flected the relevant jcurnal, patent, and monographic literature, However, this applies only the various 
types symmetrical thiacyaniue, which identical basic residues derived froin thiazole are found 
the ends the polymethine With regard they form the subject 


relatively few sporadic This attributed the fact that they are much more difficult 


synthesize than the dyes, 


Pilyugin have number quinothiacyanines prepared from benzothiazole 
intermediate product conjunction with quinoline derivatives Unsymmetrical dyes quinoline 
system having radical the hetem nitrogen have been h:therto unknown chemistry and are described 
the first time [4], this group quinorhiacyanines general fonnula 


the the arvis attached the hetero nitrogen atom the color the unsymmetrical 
cyanines presented some interest, 


The structures the dyes that have synthesized ere presenied the table, where there 
are given also the optical data for the symmetrical dyes, 


phenyl place ethyl the hetero nitrogen atom unsymmetrical 
methyl group into the unsymmetrical molecule resulted insignificant shift (1-2 mp, No. 
and The presence methyl group the benzene nucleus and, simultaneously, fused benzene ring the 


has been noted previously, fusiun the same ring the benzene nucleus leads bathochromic 
shift the absorption maximum 8-11 (No.5,6,8), while fusion the the hetere 
considerably shift The simultaneous addition two fused benzene rings the 


molecule, one the benzene nucleus and one the substituent the hetero nitrogen, ieads shift 
towards the 
EXPERIMENTAL 


iodide (0.52 g), perchlorate g), 
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(Continued) 
Formula dye Absorption max, Shift from 
metri- hypso- batho- 
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13,2 
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and pyridine ml) were boiled together for min. The dye precipitated from the solution with 
aqueous alcohol and was purified from alcohol, Glistening blue needles (0.2 42.54%), 
Absorption maximum 586 my. 


Found 7,25 


perchlorate, The quaternary sait from (0.2 and the 2-methylbenzothiazole 
intermediate product (0,24 were placed 25-ml flask, and pyridine ml) and few drops acetic anhydride 
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were added, The contents the flask were heated for min with frequent shaking, The mixture was cooled, 
and the dye was precipitsted with ether and dissolved small amount alcolol, The dye precipitated 
from the cooled solution; was filtered off and washed with alcohol and ether, Recrystallization yielded 


perchlorate, The quaternary salt (6.4 mol), the product (0.4 
mol), and pyridine were placed with reflux condenser and were boiled together con- 
tinuously for min, The dye was precipitated with ether and then dissolved alcohol Crystallization 
was induced with glass rod; the crystals were filtered off and washed with and ether, The 


dye, after recrystallization from aqueous alcohol, melted Absorpiion maximum 
588 


Found 6,10 


iodide (0,25 g), the benzothiazole intermediate 
product g), and pyridine ml) were heated together with addition few drops acetic anhydride for 
min under reflux, boiling. the reaction color, The was 
and neated with The precipitate was dissolved alcohol, and the solution cbtaned was left over- 
The fine crystals that formed were filtered off and washed with The alcoholic solution the dye 
Absorption maximum of.the dye: mp. 


Found 120,88 
Calculated 121,23 


perchlorate (0,22 g), the 2-methylbenzothiazole 
intermediate product (0,16 g), ml), and few drops acetic anhydride were boiled together for 
with frequent The mixture was cocled and the dye was precipitated addition 
perchlorate addition water imi) and boiling, The finely crystalline 
precipitate dye was filtered off, washed ether, alcohol, and water, and recrystallized aqueous 
alcohol 32%), The cyanine condensation was repeated several times order obtaia sufficient dye 

for further investigations,. The dye had 220° (decomp) and absorption maximum 596 


Found 6,19 


perchlorate (0,3 g), the 2-methylbenzothiazole inter 
mediate product (0,15 g), pyridine mil), and few drops acetic anhydride were placed flask fitted with 
reflux condenser and boiled together over g2uze for heating continued, the bluish-lilac 
color the reaction mixture became more and more intense, When the mixture was cool, the dye did not come 
Out crystalline form, and was therefore precipitated amount ether, The precipi- 
tate formed was dissolved which, the boil, saturated solution potassium perchlorate 
was The finely crystalline dye was filtered off and washed with alcohol, and The dye 
from aqueous (0,1 22%). had 227° and absorption maximum 597 


perchlorate (0.2 g), the 2-methylbenzothiazole intermediate 
product (0,24 g), and acetic anhydride drops) were placed and heated the boil 


502 


& 


‘ 
ae 
~~ 
: 
Pe 
i 
. 


over asbestos gauze for min, When the solution had cooled, the dye was separated addition ether 
was off and was recrystallized from aqueous alcohol 32.2%). The dye dark-blue 
powder having metallic luster, (decomp). The absorption maximum the dye 590 


Found 6,22 


iodide (0.2 g), 

benzothiazolium icdide (0.15 g), pyridine (2.5 ml), and acetic anhydride drops) were heaced together the 

boil for min flask fitted with reflux condenser, When the mixture had cooled, the dye was precipitated 

with ether and then dissolved alcohol ml); solution potassium perchlorate ml)was added, 

and the mixture was heated the boil, the next day the finely crystalline precipitate dye was filtered 

off, washed with ether and alcohol, and recrystallized from alcohol (0,085 31.4%), The dye was 

the form dark-violet crystals having metallic luster, 215°, Absorption maximum 594 


Found 


cyanine The benzothiazole intermediate product (0.4 g), the quatemary salt (0.49 g), pyridine 
ml), and acetic anhydride (0.5 ml) placed flask fitted with reflux condenser and boiled gently for 
min, heating proceeded, the contents the flask acquired bluish-green color with 
When the mixture had cooled, the dye was precipitated with erher and off 


the solid state intermediate dissolution amount The dye was recrystallized from 


aqueous alcohol (0.22 40.7%). M.p. 250° The absorption curve solutian the dye 
ethanol was absorption maximum: 600 


Found 119,88 
Calculated 120,03 


the Kharkov State for help in. the determination absorption 


SUMMARY 
Nine new have been prepared aryl radicals the hetero 
nitrogen quinoline, 
e hae 


leads slight bathochromic shift the maximum the dye, 


absorpticn maxima the quinothiacarbocyanines may derived additive 


relationship from those the symmetrical dyes, but the the absorption 
comparison with that the corresponding symmetrical dyes, 
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MACROMOLECULAR COMPOUNDS 
COMMUNICATION 44, POLYESTERS CERTAIN ARCMATIC DICARBOXYLIC ACIDS 


Polyesters derived from glycols and aromatic dicarboxylic acids have yet received very little investi- 
gation, are only few the literature that are devoted the study such compounds [1], Thus, 
Snedze, and Nechaeva [2] studied the polycondensation diphenic acid with glycerol and described 
the properties the polyesters formed, Polyethylene diphenate was described also Carothers and Arvin 


The object the present investigation was determine the effect the properties the 
the structure the dicarboxylic acid, particularly with the positions the carboxyl 
groups and number aromatic nuclei, and elucidate also the part played the groups 
separating these For this have prepared polyesters the condensation glycols (ethylene 
glycol and diethylene glycol) with aromatic acids having either one phthalic (I), 
isophthalic terephthalic two diphenic (IV) and (V). Also, acids 
acid (VI) acid 


From these acids number polyesters were prepared. properties ere given the table, 


solvents such acetic acid, acetone, strong hydrochloric acid, and aqueous caustic soda all the 
polyesters enumerated the table are insoluble with the exception the ethylene glycol and diethylene 
glycol esters diphenic acid, which dissolve hot acetic acid, will seen from the table, the properties 
the polyesters regular fashion one glycol acid changed for All the ethylene 


esters are solids having melting points higher than those the diethylene glycol esters, The latter are sometimes 
Case there manifested the specific effect the ether linkage the diethylene glycol residue; this confers 

high the pelyester chain, expressed the lower melting and the appearance 
That the cause this case the ether linkage shown comparison polydi- 


glycol terephthalate polypentamethylene terephthalate 


The the structure the dicarboxylic acid the properties ‘of the polyester still greater, 
the the isomeric benzenedicarboxylic acids the propexties the polyesters change 
with change the relative positions the carboxyl groups, proceed order from the ortho the meta and 
para isomers, the melting rises both for the ethylene glycol (92-104, 192-108, respectively) 
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and for the diethylene glycol (like petroleum jelly, 85-90, respectively). interesting 
note that similar picture observed also for the biphenyldicarboxylic acids: the polyesters the para 
acid melt higher than the polyesters the ortho acid, both for ethylene glycol 110-130° and 
tespectively), and also for dicthylene and respectively). 


Also, the effect should noted of:the number benzene and relative disposition, Poly- 
esters from biphenyidicarboxylic acid have higher melting peints than polyesters from the 
for polyesters from ortho- acids and ethylene 
glycol the melting points are respectively and (benzenedicarboxylic), higher than 
320° while for the polyesters with diethylene glycol sirup, 


(benzenedicarboxylic), This the picture when the phenyl 
groups adjoin, 


If, acids are taken the two groups are separated one two 
methylene groups, the melting points the polyesters lowered comparison with those the biphenyldi- 


carboxylic derivatives; thus the case the polyesters from glycol: respectively 


With regard the effec: the the acid the solubility the polyester, equally clear 
picture observed, The from glycol are generally readily than those 
from ethylene Polyesters from acids cre soluble than those from 
Folyesters derived from two benzene nuclei the 
distinguished particularly peor solubiliry, them are only strong sulfuric 


when possible thar hydrolytic breakdown takes place, the other they not being 


Unril comparatively been axiomatic that macromolecular 
are distinguished from linear compounds this type their complete insolubility and inability 


melt when heated consider thaz the these differences that 


cross-links, Owing the presence these the chains cannot separated fom 
one either solvation forces moderate thermal action, the energies these linkages are 


the not hizh, occurs the three-dimensional structure owing the 
solvert between the poly this sweliing does not lead finally but 


compounds, and linear, destruction high temperatures 
resuit this occurs when the energy the movements the begins exceed 
the energies the chemical bonds, However, such concepts and are beginaing come more and 
more ‘inte conflict with the experimental facts, few macromolecular compounds have been synthesized 

which undoubtedly belong the class linear polymers, but have properties that are characteristic 
three-dimensional compounds, such substances are found the polyamides prepared 
from adipic sebacic acid and diamiines such benzidine also the series 
polyesters formed betweer ethylene glycol diethylene glyco! and aromatic acids, 


this paper; also, poiymers such polyvinylidene chloride and, probably, 
urea-formaldehyde resin 


the molecules these cross-links are absent, but the are insoluble all solvents 

not melt when heated (they decompose high Consequently, their properties they 

polar groups, such amide phenylene, ard such atoms flucrine that are the 
macromolecules the compounds enumerated, Also, their chains are notable for their tendency become 
close-packed, expressed corresponding high content orderly crystalline substance, 
Owing the presence these polar the usually rather weak der forces between the 
become considerable, and hence the binding force one chaia high values. The 


-- 
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This conclusion confirmed the fact that the amide hydrogen atoms polyamides are replaced 
methyl groupsreadily soluble rubberlike polyamides are obtained [11} for the hydrozen bonds 
between ihe polyamide chains, which determine the great force that binds the individual Chains 
one another, does not now occur, Another example the copolymer vinylidene chloride with vinyl chloride. 
this copolymer, the residues the two original substances not regular fashion, and 


difficult for orderly arrangement attained, Hence, this copolymer dissolves and readily 
than polyvinylidene chloride, 


the basis the above may conclude that absence ability dissolve and melt not 
always procf structure; may attribute also linear polymers when polar 
groups are present and there tendency take ordered arrangement, 


polyesters that have from acids two benzene nuclei are 
all orgznic and inorganic solvents, apart from strong sulfuric acid, Thus, this respect they 
resemble three-dimensicnal polymers, this purely formal, for there doubt 
that are concerned here with linear polymers, The for the lack solubility evidently 
with the presence fairly hign binding forces between the benzene nuclei individual chains, well 
known, the ring six which are within the nucleus and aze 
not fully saturated; their orbitals are disposed perpendicularly the plane the ring, and evident that 
their results the large mutual forces between nuclei, 


SUMMARY 


Polyesters have been prepared the condensation ethylene glycol and with 
aromatic dicarboxylic acids, 


The question the effect the structure the polymer cuain the physical properties the 
polymer has been examined, 


The properties the polyesters. obtained have been 
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dicarboxylic acids, necessary take into account the possibility the formation anhydrides and cyclic 


MACROMOLECULAR COMPOUNDS 


COMMUNICATION SIGNIFICANCE THE DECARBOXYLATION 
DICARBOXYLIC ACIDS THE POLYCONDENSATION PROCESS 


Korshak and Rogozhin 


bifunctional compounds usually broken down into three beginning chain growth, 
chain growth, and chain growth, 


The the first two stages the process have received fair degree study and development 
papers but the leading termination chain growth have still not beer fully elucidated, 
has been found that, owing the equilibrium nature the polycondensation process, the molecular weight 
the polymer, Le., its chain length, greatly affected the ratio components [3] and the possibility 
varicus chemical reactions the terminal functional groups, leading breaking chain 


The occurrence chemical reactions the terminal groups has been established 
investigations One with Zamyatina has observed that polycondensation 1,6-hexansdiamine with 
adipic acid the splitting-off cazbon dioxide from the adipic acid occurs The significance such chemical 
changes, lead the destruction the reacting end-groups, particularly great the preparation linear 
condensation bifunctional compounds, The determination the effect temperature the ther- 
stability dicarboxylic acids presents interest connecticn with the possibility decarboxylation 
during the course polycondensation, but systematic investigations this kind have not yet been carried out, and 
only isolated results are found the literature, known, for example, that the presence the molecule 
dicarboxylic acid two carboxyl groups, which have negative character, greatly the tendency 
decomposition, obvious that this effect most prominent among the first members the 
logous series dicarboxylic acids owing the the 


Actually, being heated, acid yields carbon dioxide and formic acid [7] has been found that the 
reaction proceeds particularly rapidly The rate increases presence water, 
Malonic acid decomposes more readily than oxalic acid, being heated malonic acid loses carbon 
dioxide and converted into acetic acid This change occurs below 70° aqueous solution The majority 
the homologs mslonic acid decompose the range When the fatty acids, and their 


salts, are decomposed, ketones formed from the two acid residues are the main decomposition products, the case 


ketones. Anhydride formation may proceed the splitting water from two molecules acid and may lead 


Investigations and Hill showed that these reactions and were 
the most readily When the structural unit contains 7-15 members, dimeric cyclic products lineer poly- 


_Mers are formed. Thus, succinic acid, being heated, readily forms having 


which, being neated further, slowly converted splitting-off one molecule carbon dioxide 
from two molecules the anhydride into the dilactone y-oxopimelic acid. 
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Glutaric acid rapidly distils with slight decomposition beluw 300°. When distilled 
slowly, mixture acids and anhydrides formed. Cyclopentanore readily formed the action 
heat salts acid. Aschan found that cyclopentanone formed when adipic acid 
heated presence carbon dioxide. Blank [13] prepared cyclopentanone 50% yield heating adipic 
anhydride. Very known concerning the the higher dicarboxyiic acids. 
known that the presence various catalysts greatly reduces the decomposition temperature, 


EXPERIMENTAL 


All the investigations reported the literature the decomposition organic acids are 
based methods investigating the decomposition number investigations, 
the have determined from the change the acid for which- 
considerable amount substance, and also oftime, required for the performance the 

tigation. 


The method that developed presents the possibility continuously the 
course the decomposition acids, and insignificant material required for the in- 
vestigation. weighed amount the substance under investigation small tube 
system, which contained thermostat; the temperature the liquid this thermostat main- 
tained constant within the aid Hoppler thermostat. The volume the measuring sys- 
tem, tubing, and reaction tube measured accurately. The gaseous products alter 

the pressure the system, the changes pressure being determined the aid the water and merc- 
ury that form part measuring system. The course the decomposition can judged 


from the rate which the pressure changes. The arrangement shown diagrammatically Figure 
(See plate, page 547-4). 


The calculation the volume carbon dioxide evolved and the percentage 
the acid under based the excess pressure the system, the results measurement 
the volume the system tubes, and the fundamental law the theory 
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The correctness the formulas was verified determining the percentage decomposition the acid 


the undecomposed acid, For all experiments the oxalic and malonic acids agreeing 
results were obtained, 


The volume carbon dioxide evolved was calculated for our experimental arrangement the 


liquid °K, 


The percentage the acid 


the molecular weight the acid, the volume dioxide evolved, and the amount 
acid 


For monocarboxylic acids the 


EXPERIMENTAL 


weighed amcunt the placed the tube, which inserted into its through 
which water the flowing; way the temperature conditions throughout practically 
the whole the reaction tube are made the same those the rest the system, The tube connected the 
systein with rubber tubing, and the tap that connects the whole system ths atmosphere opened, The tube with 
its connecting tubing placed thermostated vessel and kept there for the temperature the air 
the system should then equal the the The tap connecting the system the 


closed, and the reaction tube placed the bath The the bath 


imtervals time constant decomposition temperature, definite when the tempera- 
high, When decomposition complete, the again placed the thermostat aad kept there for minutes, 


The pressure read for air temperature equal the the thermostat; from this the extent 


RESULTS 


The results obtained this method are given Tables and crder that the various acids may 
the measured excess pressure has been recalculated for mole 


The the case oxalic acid was 306 Hg. and the percentage acid decomposed 


(calculated from residual pressure) 31.2, (calculated from titration results) 31.1. 
the case malonic acid the pressure was 205 Hg, whence obtain 21.6% decomposed 
will seen from the Tables and and Figure that with increase the molecular weight 
the the thermal stability increases. The members the homologous are notable for their 
nificant therraal and differ greatly their behavior from the remaining dicarboxylic acids. 
seen that, judging from the malonic, glutaric, and azelaic acids, acids containing number 


carbon atoms decompose more readily than the adjacent members, which even number carbon atoms.” 
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TABLE 


Molecular Weight 
Amount taken, 


ic; malonic; succinic; glutaric; adipic; 


acids with the number carbon} 

Each acid decomposes most vigorously 


the decarboxylation 


Decarboxylation temperatures the acids Fig. Dependence rate decomposition 
investigated are given Table adipic acid 260°; 

The variation the decarboxylation temp- 
eracure with increase the chain length the 


acid shown Figure The experiments carried out constant permit more exact 
case adipic acid there was decomposition below (Table 4). 


The resuits obtained the decomposition adipic acid constant temperatures enable make 
mined the rate reaction, the variation tga with temperature gives the rate with 


= 


0,3808 


TABLE The temperature 


coefficient the re- 


Giutaric Adipic Sebacic action rate given 


Amounttaken, 0.4659 0.1580 0.3850 0.2932 0.3148; 


‘ 
The results obtained 


vation energies, re- 
action rate constants, 
TABLE 


TABLE the reactions. 
Name 


temp. 250° temp. temp. ation energy was 
place 
andk, (see 
Table The value the constant from the first-order 


approximately constant, and the decomposition adipic acid may first-order reaction, 
The ofk are given Table 
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DISCUSSION RESULTS 


The results have obtained show that 
dicarboxylic acids very readily decompose 
elevated temperatures, giving carbon dioxide 
and the corresponding monocarboxylic acid 
according the equation: 


acid 


acid 


formed from oxalic, acetic from 260 
This decarboxylatioa reaction must play im- 260 0.9858 0,0848 
portant part the processes polycondensation 260 0.241 
between dicarboxylic acids and other bifunc- 260 0,241 
tional compounds, The results that follow from 260 0,13 0,1935 
there reduction the total number reac- 280 0.298 0.581 
tive groups, which must lead reduction 280 0,62 
products obtained owing the disturbance the 
molecular ratio the initial Presence 


leads lowering the molecular weight 
the product extent that 
directly proportional the excess; this has been 
shown one the basis large number 
examples [15]. the second place, the mono- 
carboxylic acids the end- 


groups and bring chain grewth halt, thus 


the mclecular weight the product 
fermed, Finally, the 


highe wen 


the decarboxylation temperature, all possibility, 


polycoadensation product 


now becomes clear why acids such 


tga 
energy 
lated from ratio 778 208 600 860 


Activation energy calcu- 
lated from constants 


and malonic not give macromolecular polyesters and polyamides.as result polycondensation reactions 
with glycols and diamines, for they decompose fairly low 


SUMMARY 


method been deveioped for the the thermal stability and kinetics 


organic carboxylic acids, 


The temperatures have been determined for succinic, 


suberic, azelaic, and sebacic acids, 


beea found that dicarboxylic acids haying odd number atoms decompose 
temperetures than acids having even number carbon atoms, 


has been shown that the thermal stability the acid increases proceed che lower the 
higher members the series dicarboxylic 


has been shown that decarboxylation dicarboxylic acids must play considerable inhibiting role 
the course the these acids with 


TABLE 
val 
position 


Pea 
ice 
e 
Temp. intervals (°C Mean 
+19 
1 oe: 6 & © & 3.072 2.685 
& 
. 
3 
; 


the basis the results the thermal decomposition adipic acid, calculations have been made 
reaction ordex and activation energy. 


Reccived October 20, 1950 Organic Chemistry the USSR Academy Sciences 


LITERATURE CITED 


V.V.Korshak, S.R.Rafikov, and V.A.Zamyatina, Report the Sixth Conference Com- 
pounds, USSR (1949), 3-16, 


Press, (1949), pp, 201-215. 


V.V.Golubev, and Investigations Macromolecular Compounds, USSR 
Acad, Press, (1949),pp. 


and Chem., 19, see Consultants Bureau translation, 647, 


Gay-Lussac. Ann, (1832). 

and Am, Chem, 55, 5023 (1933), 

Ann, Chim., (2), 58, 288 (1835). 


Bull, Acad, Sci. Div. Chem, Sci., No. 186 (1946); V.Korshak, and A.V.Kharchevnikova, 


Sci, USSR, 56, (1947); and V.V.Golubev, USSR, Div. Chem, 
No. 379 (1949). 


‘ 

- 
‘ 
° } 
- 

. i 

< 
- 

4 


THE REACTION PHOSPHORUS TRICHLORIDE 


WITH UNSATURATED CYCLIC KETONES 


and 


‘ 


acetic anhydride giacial acetic acid with formation addition products, which are converted 


and Cook suggested [2] that the the reaction invoives phosphorus 


and finally hydrolysis this acia chloride (or anhydride); 


This scheme reproduced many reviews and books concerning the chemistry organophosphorus com- 
pounds Evidence its favor found the isolation several cyclic actd chlozides, formed the sec- 
ond stage, pure form 

was suggested one that This supposition was based tlie im- 


with alkyl halides. 


alternative scheme was suggested which there occurs 1,4-addition and the 
group with formation y-halo unsaturated ester acid: 


(4) 
which undergoes the first stage the A.E.Arbuzov 


(5) 
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This intermediate product then undergoes acetolysis: 


with formation cyclic acid identical with that assumed The further hydroiysis 
the acid chloride leads acid, accordance with The 
ketone again reacts with etc. 


pointed out also that formation acid chloride not bound stage the course 
this reaction, for the alkylation phosphorous ester [5] uot bound proceed intramelecularly, but may proceed 
also intermolecularly, Similar phenomena were observed and Rossiyskaya study the reaction 
between phosphorus and ethylene oxide and Kabachnik and Shepeleva the reaction between 
saturated aldehydes and phosphorus trichloride [6]. The scheme have proposed accord with results the 
investigations Nevertheless, would impossible make choice between the suggested schemes the 
basis the experimental material available the literature. 


decided verify scheme the following manner. the reaction between unsaturated ketones 
and trichloride proceeds scheme, then when the occurs with unsaturated cyclic ket- 
ones having rings the following intermediate addition products ought formed: 


However, such structure cannot formed, for they are bound extremely strained: they 
will contain muliiple bond the carbon atom that the base the bridge bicyclic Hence, 
according scheme, unsaturated cyclic ketones cannot phosphorus therefore the reac- 
‘tion cannot If, however, phosphorus trichloride does unsaturated cyclic with 
after hydrolysis cyclic y-oxo acids, then clear that the addition reaction proceeds some scheme, 
distinct from that Conant —probably accordance with ours, 


have out the between trichloride and two cyciic 
and [7]. trichloride readily adds 
each these ketones acetic acid solution, and the products yield the correrponding oxo- 
acids, which did not succeed form, siuce they 
cyclohexen-l-one obtained the the oxophosphonic acid, 197°, and from 2,4- 
obtained 2,4-dinitrophenylhydrazone, and p-toluidine salt, m.p. 

order prove the structure the acids obtained, and their derivatives, made use the rec- 
added ketones presence sodium. This reaction resembles the well known addi- 


= 


tion reaction ester the bond ketone, and there doubt that the phos- 
phonic residue adds the third carbon atom: 
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the addition diethylphosphorous our unsaturated cyclic ketones the formation must occur the 


same cyclic acids must occur are obtained the addition phosphorus trichloride, will 
seen from the following schema: 


CH; 


acid added readily each the unsaturated cyclic ketones with formation esters 
cyclic acids, which were readily distilled under reduced pressure and were readily puri- 
fied, When those esters were hydrochloric acid (1:1), siruplike oxophosphonic acids were 
formed which, like those obtained the first method, gave well-crystallizing m.p. 

and 186* respectively; mixed tests the hydrazones obtained the two methods showed depression the 
m.p.; their identity was confirmed also examinatioa the polarization microscope: the obtained from 
the ketone having six-membered ring and 197°) are form with apex angle and with 
direct extinction along the diagonal the rhombus; the crystals obtained from the ketone having five-membered 


ring (m.p, 188° and 186°) have the form very small, fine needles having direct extinction along the axis and per- 
the axis, 


Thus, has been proved addition cyclic ketones leads 
the corresponding acids and therefore proceed according 


EXPERIMENTAL 
Preparation acid from 


Phosphorus trichloride (6.9 was added gradually mixture (b.p. 
min; (5.5 and glacial acetic acid The reaction carried out with cooling; the 
temperature the reaction mixture did not The reaction mixture was left and was 
then carefully poured into ice water, The water and acetic acid were driven off under pressure, the 
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residue, thick dark-colored mass, was. dried vacuum desiccator calcium chloride, (10 g), readily 
soluble alcohol but solubility ether, was was not found possible purify the substance 
recrvstallization addition the alcoholic solution the substance solution p-tolui- 

dine ether, alcoholic solution aniline, voluminous white precipitate formed, 


alcohol, and ethereal solution was precipitate formed was washed with ether and 


When attempts were made recrystallize the p-toluidine salt, partial decomposition the salt occurred and the 


2,5-Dimethyl-3-oxocyclopentylphosphonic Acid, The substance (2.0 was 
dissolved ethanol (80 ml) and freshly prepared alcoholic solution (1.6 
dinitropheaylhydrazine, sulfuric acid, water, and alcohol) was added. The mixture was allowed 
stand overnight, Next morning the solution was means cooling the crystals that were 
precipitaied were off and dried desiccator over calcium chioride, recrystallization from 
the hydrazone The yield was 2.5 Calculated the total reaction mixture (10 the 


yield the was 66% the basis the phosphorus trichioride preparation dried 
100° vacuum was analyzed: 


Found 14.70; 14.90; 8,60; 


Very fine needles: the polarization microscope they show direct extinction along the axis and 
normal the 


Ethyl Ester Acid. Diethylphosphorous acid (14 was added 
(113). few drops sodium ethoxide were then added 
the reaction mixture, and the the reaction mixture rose The reaction mixture was cooled 
with water, When the self-heating had ceased, the reactior mixture was heated water bath for hours, was 
then result three there was separated fraction having b.p. 119-120° 


acid (2,5 and hydrochloric acid (75 mi) boiled under reflux for hours, The solution was then evap- 
orated down the water-bath, and the residue, dark-yellow viscous liquid, was dried vacuum desiccator over 
calcium chloride for several days until constant weight was attained, syrup was obtained, 


2,4-Dinitrophenylhydrazone, This was obtained for the previous hydrazone trom thesyrup and 
2,4-dinitrophenylhydrazine, After two crystallizaticns from ethanol, bright-yellow crystals (0.9 


Preparation Acid 
from 3-Methyl-2-cyclohexen-l-one and Phosphorus Trichloride, 


(5.5 mixture became yellow and its rose After hours, glacial acetic acid 
was added the mixture; the temperature again rose The mixture was allowed stand until 
next day, when was carefully poured into ice water, The water and acetic acid were driven off under reduced 
pressure, and residuc, thick brown liquid, was desiccator over calcium Thesyrup did not 
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after long standing the desiccator, Yield was good solubility water and alcohol, 
poorly soluble ethez, and insoluble chloroform, The acid obtained was impure and contained phosphoric acid 
The p-toluidine salt has m.p, the aniline salt 


2,4-Dinitrophenylhydrazone, The substance was dissolved ethanol (200 ml), and freshly 
and 100 ethanol) was added. The mixture was allowed stand overnight. the next morning the solution 
was cooled means cooling mixture, and the crystals that were precipitated were filtered off and dried 
desiccator over calcium after from ethanol; The substance crystallizes with 
one molecule alcohol; 6.2 was obtained. The 2,4-dinitrophenylhydrazone forms rhombic crystals having 
apex angle Under crossed nicols there direct extinction along the diagonai the rhombus, 


Found 42.55; 42.90; 5.67; 5.67; 13.85; 13.90; 

11.0 


After being vacuum-dried, the substance melts 195°. 


Found 8.70. 


mm; 1.4927) (11 g), and few drops solution sodium ethoxide 
were then added the reaction mixture; the temperature tie reaction mixture rose The reaction mix- 
was heated further for hours boiling water-bath, and was then After redistilling, 


sodium methoxide solution were then added the reaction when the temperature rose 55°, The 
reaction mixture was heated further for hours the and the next day was vacuum-distilled, 


After two distillations the fraction 2mm was separated, and this crystallized out. The 
obtained melted 48°, 


Found 48.10; 48.70; 7.40; 13.90; 14.00 


hosphonic Acid. The ethyl ester methyloxocyclohexylphosphonic acid 
(b.p. mm; 1,4642) (2.5 and hydrochloric acid (30 ml, 1:1) were heated sealed tube 130- 
135° for hours. The the tube were then evaporated down the water-bath constant weight, The 
thick dark-yellow was dried yacuum desiccator over phosphorus pentoxide constant weight 
(several The result was syrup. 


The substance (1.9 was dissolved alcohoi (75 and freshly pre- 
pared solution 2,4-dinitrophenylhydrazine (1.5 sulfuric acid, 11.2 
and was added. The mixcure was left overnight, and the crystals that separated were filtered off. 
After recrystallization from ethanol, bright-yellow glistening crystals were obtained m.p. 395°). M.p. ad- 
with the obtained from and phosphorus tri- 
chloride was The two preparations appeared the polarization microscope. 
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SUMMARY 


Phosphorus trichloride adds cyclic with after hydrolysis cyclic 
acids, 


acid cyclic ketones and the subsequent hydrolysis the esters 


The fact that acids are formed from cyclic ketones disproves 
Conant's hypothesis concerning the mechanism the addition phosphorus -unsaturated ketones, 
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THE REACTIONS DIENIC HYDROCARBONS WITH NITROSO COMPOUNDS. 


ADDITION 1,3-BUTADIENE NITROSOBENZENE. COMMUNICATION 


Yu. 


was shown the previous communication [1] that 1,3-butadiene adds nitrosobenzene 
with the diene synthesis with formation this paper, results experi- 
ments the reduction this are 


was previously found that reduction with zinc dust and acetic 
acid leads formation If, after reducing (I) this way, the reaction mixture 
heated for several hours, then the main reaction product crystaliine tertiary amine, Elemen- 
tary analysis showed that the amine had the composition The amine was obtained heating 
containing acetic, phosphoric, and acids and small amount phosphoric 


CH, 
CH, CH, COCH 


was considered that the tertiary amine, m.p. was the split- 
ting This supposition has been confirmed. Catalytic reduction 
the amine gives (IV), which was identified the form its Oxidation the 
with permanganate ferric chloride gives 


Thus, mieans the reactions indicated have succeeded converting -oxazine ring 
pyrroline ring, (See above). 


Different resuits were obtained when the reduction 3,6-dihydro-2-phenyl-1,2,2H-oxazine was carried out 
with sodium and methyl, ethyl, butyl alcohol, all these experiments, the main reaction product was second- 
ary amine mm) The amine was characterized means its acetyl 
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derivative mm) and its benzoyl derivative 


was that the secondary amine was N-2-butenylaniline formed from 
via further reduction, This supposition was confirmed, Catalytic reduction the amine gives N-butyl- 
aniline identified its benzoyl derivative. oxidation the acetyl derivative the amine with 
potassium permanganate acetone, (IX) formed, Hydrolysis the acetyl benzoyl 
derivative the amine with conc. hydrochloric acid yields crystalline nydroxy amine 
composition This hydroxy amine, which the product formed addition the elements 
water the double bond N-2-butenylaniline has been prepared previously Yu. and Garburg 
[2] hydrolysis with conc, hydrochloric acid the benzoyl derivative the reduc- 
tion 1-phenylpyrrole with zinc dust and acid, 


When reduced with sodium and ethanol under the same conditions 
those employed for the reduction 3,6-dihydro-2-phenyl-1,2,2H-oxazine N-2-butenylaniline formed, Ina 
further experiment, 3,6-dihydro-2-phenyl-1,2,2H-oxazine (I) was reduced sodium and ethanol 
the amount sodium taken being one-quarter the amount used the previous experiments, N-2- 
Butenylaniline (VI) and were isolated from the products reaction, The latter 
could not separated the pure state and was converted, for identification, into its dibenzoyl derivative, which 
melted The m.p. mixture with the pure dibenzoyl derivative (m.p, 
90-91°) was From the above results follows that, reduction with sodium and alcohol, 3,6-dihydro-2- 

EXPERIMENTAL 


Conversion 3,6-Dihydro-2-phenyl-1,2,2H-oxazine into 1-Phenyl-3-pyrroline 


Expt. Zinc dust (25 was introduced into 250-ml round-bottomed flask containing 3,6-dibydro-2-phenyl- 
1,2,2H-oxazine (8.06 mole) dissolved giacial acetic acid (90 ml). The flask was and then 
shaken vigorously for min. The mixture became hot, Tie fiask was then fitted with reflux con- 
and heated water bath for hours. The reaction mixture was cooled, diluted with ml), 
made alkaline with potassium carbonate, The mixture was then almost colorless crystalline 
substance came over the distillate, and this was filtered off and dried desiccator over sulfuric 


3-pyrroline (3.3 45%), m.p. 95-98°, was M.p. after two recrystallizations from methanol; 
Colorless plates, 


Found 82.69; 82.71; 7.58; 7.55; 9.69; 


Zinc dust (25 was introduced round-bottomed flask fitted with reflux condenser 
with wide inner tube and soluiion phenyl-1,2,2H-oxazine mole) gtacial 
acetic acid (50 ml). The flask was shaken, and the reaction mixture grew hot and finally vigorously for 
minutes, The mixture was then boiled for hours, was ccoled, diluted with 100 water, rendered 
alkaline with 40% solution caustic soda, The was off, filtered off, and 
dried (11.2 theoretical, after two recrystallizations from methanol; 


glacial acetic acid (50 ml) were iniroduced into 190-ml round-bottomed flask fitted with réflux condenser. 
The mixture was boiled for was cooled, and additions were made 190 water and 100 caustic 
soda, The was off, filtered off, and (10.6 theoretical). M.p. 
after two fom 


Expt. (32.6 0.2 mole) and zinc chloride solution conc. 
(160 ml) were into 250-m! round-bottomed flask fitted with reflux condenser, The mixture 
boiled for hours and then cooled. 40% solution caustic soda was added until the reaction was alkal ine, and 


was off. The yield was 21.2 theoretical). M.p. 
lization from methanol was 


Phosphoric acid were introduced into round-bottomed flask fitted with reflux condenser. The mixture 
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for hours, cooled, and rendered alkaline with 40% solution caustic soda, The 


was off (15.6 54% theoretical), after recrystallization from methanol was 100-101°, 


Expt. (16.3 0.1 mole) and 40% hydrobromic acid were introduced 
into 100-ml flask fitted with reflux The mixture was boiled for hours, cooled, and rendered alka- 
line with caustic soda solution, The 1-phenyl-G-pyrroline was steam-distilled off (12.0 83% 


distillation flask fitted with thermometer and air condenser arranged for distillation, The flask was heated 
metal bath, first small amount water came over, and then, 245-250°, 1-phenyl-3-pyrroline came 


over, The yieid after steam-distillation was (83% after recrystallizatioa from 
was 


Catalytic Reduction into 1-Phenylpyrrolidine 


0.05 mole) was dissolved 120 and reduced presence 
(10% Pt) charcoal room temperature and Reduction was complete hours, Volume 
hydrogen absorbed: 1330 760 mm). The catalyst was filtered off, the cyclohexane was driven off, and the 
residue was The product was 82% theoretical) with the following 
Calculated 32% theoretical, solidified crystalline being cooled with tap 


warm ethereal solution picric ecid (2.3 0.01 mole) was mixed with 
solution 1.5 mole) Next day the picrate was filtered off and washed with 
ether (3.6 m,p, M.p. after recrystallization from ethanol was the literature; [3] 
114°; [4] [5] m.p. 116°; [2] mop. 


For comparison, and its were The phenylpyrrolidine was obtained 
follows: 1,4-dibromobutane (108 0.5 mole) and distilled aniline (140 1.5 mole) were inio 
round-bottomed flask fitted with condenser, The mixture was heated boiling water-bath for 
hours then cooled. 40% solution caustic soda was added until the precipitate had completely dissolved, 
The oil formed was separated, washed with 10% caustic soda and with water, dried with fused caustic 
soda, and The product was 1-phenylpyrroiidine (62.5 85% theoretical) with the following 
The picrate obtained from this preparation after recrysiallization from 


admixture with the picrate obtained from melted the same temp- 
ezature, 


means Potassium Permanganate 


potassium permanganate 0.03 mole) 300 dry acetone was added over 2,5 hours 
the precipitate was filtered off and the accione ériven off, hydrochloric acid (diluted 1:1) was added the 
residue, and the mixture was colorless crystalline substance went over into the distillate; was 
filtered off, washed with water, and dried over sulfuric acid desiccator, The product was (1.50 


means Ferric Chloride 


sclution (2.90 0.02 mole) hydrochloric acid (diluted 1:1). After hour, the 
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having wide inner tube. The solution was heated boiiing, and (about g-atom) was introduced 


during 


60-61°) prepared from aniline mucate melted 60-61°, 


Reduction 3,6-Dihydro-2-phenyl-1,2,2H-oxazine 
means Sodium and Alcohol 


was introduced into flask fitted with wide branched adapter and with reflux condenser 


portions over Heating was continued the sodium had completely dissolved, 


reaction mixture was cooled, and acid (diluted 1:1) was added unul tne solution became acid Congo 
red, The alcohol was steam-distilled off. Potassium carbonate was added give alkaline reaction, and the mix- 
ture was light-yellow oil came over the The oil was separated, and the aqueous 
layer was extracted three times with ethe: The ether extract was united with the oil, and the solution 
was dried with anhydrous sodium sulfate. The ether was driven off, and the residue was fractionated. 


introduced round-bottomed flask connected through branched adapter reflux condenser, The sol- 
ution was heated and sodium (about g-atom) was portions minutes, 
Heating was coatinued until the had completely dissolved, Further.treatment was carried out 


was introduced into 3-liter round-bottomed flask connected through branched adapter réflux The 
soiution was heated boiling, and sodium g-atom) was introduced portions over minutes, 
Heating was continued the sodium had completely The further the preceding ex- 


(12.0 theoretical) was obtained, with the following constants: 89-90° 
at3mm; 0.9620; 1.5590; found MRp 49.40;) calculated 47.91; 


Reduction 


to. means Sodium and Alcohol. 
solution (16.3 0.1 mole) 350 absolute was introduced into 
boilitig, and sodium (about 1.1 g-atom) was introduced small portions over minutes, was con- 
tinued until the sodium had completely The mixture was then cooled and acidified with diluted 
was steam-distilled off, and the residue was rendered alkaline with potassium carbonate, 
aniline was steam-distilled over (9.9 67% theoretical), with the foliowing constants: 
4-Phenylamino-2-buten-l-ol means Sodium and Alcohol 
3,6-dihydro-2-phenyl-1,2,2H-oxazine (32.2 0.2 mole) 350 absolute ethanoi was intro- 
was heated boiling, and 12.5 sodium (about 0.54 g-atom) was introduced the form small cubes over 
Heating was continued until the sodium had completely dissolved. The mixture was then cooled and acid- 
ifled with acid, The was steam-distilled off, and the residue was rendered alkaline with 
at3mm; found MRp 49.39; calculated 47.91; EMRp 1.48. 


The mixture that remained distilling off the steam was cooled and extracted 
times with benzene (5-100 ml). The benzene solution was washed with water, the was driven off, and the 


was fraction (12.3 was collected with the following constants: 148-152° 
mm; 1.1193; 1.5866, 
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Benzoylation the Fraction having 


Some the fraction (4.90 and 10% aqueous caustic soda were introduced into flask, and 14,1 
chloride was added portions over minutes with energetic shaking, The eacess benzoyl chloride 
was hydrolyzed warming. The product benzoylation was filtered off, washed with water, and recrystallized 
from ethanol, The product was dibenzoyl derivative (9,0 g), 
after recrystallization from ethanol was 


Found 3,82, 3.94 


admixture with the dibenzoyl derivative obtained the reduction 


Catalytic Reduction N-Butylaniline 


(7.36 0.05 mole) was dissolved cyclohexane and zeduced presence 
(10% Pt)charcoai room temperature and pressure, Reaction was complete minutes, Vol- 
ume hydrogen absorbed; 1500 (o*, 760 mm). The catalyst was filtered off, the cyclohexane was driven off, 
and the residue was fractionated, N-Butylaniline 80% theoretica!) was obtained; had the following 


Benzoylation 


(3.0 0.02 mole) and caustic soda were introduced into flask, and 
4.2 (0.03 benzoyl was added portions over minutes. After each benzoyl chlor- 
ide, the flask was closed means and Excess benzoyl chloride was 
warming the The reaction product was filtered off, washed with water, and dried desiccator 
over sulfuric The product was N-butylbenzanilide (4.9 96% theoretical), m.p. after two 


For comparison, N-butylaniline and its benzoyl derivative were prepared. N-Butylaniline from 
aniline aad butyl bromide method [15] had the following constants: b.p. 97-97.5° mm; 
1.5250; found MRp 49.81; calculated MRp The N-butylbenzanilide 
from this and crystallized from petroleum ether was admixture with the benzoyl 


Acetylation 


0.1 mole) and water were introduced flask provided with 
mechanical The was switched oa, and 11.2 acetic (0.11 mole) was added the aque- 
emulsion was continued for minutes, Ether was then added, and the upper layer was sep- 
arated, The aqueous layer was made alkaline with sodium carbonate and extracted with The united ether 
extracts were washed with scdium carbonate, then with water; they were dried with anhydrous potassium carb- 
onate, The ether was distilled off, and the residue was fractionated, (14.1 
theoretical) was obtained, with the following constants: mm; 1.5324; found 


MRp 57.87; calculated MRp 57.15; EMRp 0.72. viscous liquid. Data the literature [13] b.p. 165- 
mm. 


Found 15.99, 8.09, 7.99; 7.57, 7.54 


flask with reflux The mixture was heated boiling water bath for 3.5 hours, The acetic 
acid and acetic anhydride were then off reduced pressure (45 mm), and the residue was distilled 
2mm, (21.2 theoretical) was obtained, with following constants: 
b.p. 1.0144; 1.5328; found MRp 57.87; calculated 57.15; EMRp 0.72. 
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the precipitate was filtered off, washed the with and extracted with water, The aqueous 
tract was extracted with chloroform with diluted hydrochloric acid, The precipitate was filtered off, 
washed with cold water, and dried desiccator over sulfuric acid, N-Acetyl-N-phenylglycine 40% 
theoretical), m.p, was obtained, M.p. afte: recrystallization from hot water was admix- 


ture with N-acetyl-N-phenylglycine cbtained the acetylation N-phenylglycine melted 


Hydroly sis N-2-Butenylacetanilide with Hydrochloric Acid 


(18,9 0.1 mole) and 250 conc, HCl were introduced into flask fitted 
reflux condenser, The was boiled for hours, was then cooled, diluted with water, and rendered 
alkaline with 40% aqueous caustic soda, The that separated was extracted with ether, and the solution 
was washed with water and then dried with anhydrous sodium sulfate, The ether was driven off, and the residue was 
partially crystallized, The were off and washed with absolute The crystals 


theoretical) were colorless; after from cyclohexane was 


Benzoylation 


(5.9 0.64 mole) was emulsified 10% caustic soda (40 solution), 
Benzoyl chloride (8.4 0.06 mole) was added the emulsion portions minutes with shak- 
Excess benzoyl chloride was the water The product was filtered 
off, washed with water, and dried over sulfuric acid, (9.6 
theoretical) was m_p, two recrystallizations from ethanol was 90-91°, Data the 


N-2-Butenylbenzanilide (12,6 0,05 mole) and 125 cone. HC! were intmduced into with 
reflux condenser, and the mixture was boiled for hours, was then cooled, with 125 water, extrac- 
ted with ether remove benzoic ecid 5,8 The acid solution was rendered alkaline with caustic soda, and 
the oil that was cther, The ethereal solution was dried with sodium sulfates the 
ether was driven off, and the residue was fraction (5,1 131-13T was obtained; 
partially crystallized out standing, The crystals were filtered off and washed with absolute ether, The product 


was the hydroxy amine (2.5 30% theoretical), mp, after recrystallization from 
hexane was 


express deep gratitude for bis valuable advice and for his constant 
work, 


has been found that when reduced means zinc dust and 

acetic acid under severe conditions, formed, 

has been shown that when reducéd give 
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REDUCTION 1-PHENYLPYRROLE 


Yu. Arbuzov and Garburg 


hydrogen the pyrrole nucleus proceeds two stages: first, dihydro derivatives are formed, 
and then tetrahydro derivatives, the pyrrole nucleus with addition two hydrogen aioms and 
formation pyrrolines has been described adequate detail only pyrrole 


The oldest method for the reduction pyrrole tha: Ciamician which consists 
reduction with zinc dust acetic acid, with application heat, Knorr and Rabe [2] found that the reduction 
pyrroline goes better when zine dust and hydrochloric acid are used. Zelinsky and Yuryev [3] 
proposed the use zinc-palladium and hydrochloric acid for this purpose. Reduction pyrrole homologs 
pytrolines has been described for [4], 2,4-dimethylpyrrole 2,5- 
and 1,2,5-trimethylpyrrole the basis the propensity shown compounds 
having two conjugated double bonds give 1,4-addition reactions, the dihydro derivatives obtained the 
pyrrole and its homologs were 2,5-dihydro derivatives This shown 


for itself Treibs and Dinelli [6], who obtained imiaodiacetic acid the ozonolysis 


Later, several papers were published which descriptions were given the reduction zinc dust and 
acid certain Thus Sohn [7] found that reduction 
also unites with hydroger the 4,5-positions with Sohn gives the 
conjugation the double bends the benzene nuclei as.the explanation the 


arylpyrroles Wibaut [9], reducing 2-phenylpyrrole, obtained derivative 


the structure further communicaiion Wibaut stated that the 
phenyl)pyrrole, 2,3-dihydro derivatives are again formed, the reduction 
Wibaut obtained which Spath and Wibaut [12] ascribed the structure 
However, 1950 Haines and Eisnez synthesized 
N-methylmyosmine and found not identical with 1951, King [14] 
found that, ozonolysis 2-phenylpyrroline prepared the reduction with zinc dust and 
acid, acid Hence, was estabiished that 2-phenylpyrrole 
unites with hydrogen the 2,5-positions with furmation must supposed that 


From the above follows that also the remainder the work cited the reduction 
2-pyrrolines requires review, The aim the present work investigate the reduction 1-phenyl- 
and study the possibility preparing this means which was prepared one 


means zinc dust and acetic acid, 


prepared thermal decomposition aniline mucate [16-21], 
obtained 56% yield the decomposition aniline mucate aluminum 
When the decomposition was carried out absence aluminum oxide, the yield 
was only For reduction with addition 


| 


oft two lias HOt desciibed, 
Only its catalytic reduction has been described, 
view the readiness with which hydrogen unites with pyrrole and its our trials the 


Evans [28] has found recently that when pyrrole homologs are reduced with zinc dust and hydrochloric acid, 
(about 20%) were isolated from the reduction products Reduction 1,2,5«rimethylpyrrole 
and 2-methylpyrrole led also mixtures isomeric dihydro derjvatives, 


Aluminum oxide has been employed Chichibabin the preparation 1-(a -pyridy!)pyrrole from 


mixture a-aminopyridine and mucic acid, 531 
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were made under the mildest conditions possible, Nevertheless, was found that, when treated 
with zinc dust and acetic acid, borh cold and hot, did nor unite with hydrogen, 


Treatment with zinc dust and hydrochloric acid led the formation 
oil, which consisted mixture reduction products, Elementary analysis the main fraction the reduction 
product showed that under these conditions reduction four hydrogen atoms add the 
molecule. Similar results were obtained the action 1-phenylpyrrole zinc dust with hydro- 
and acetic acids and The mixture reduction products was subjected benzoylation, 
and liquid tertiary amine and crystalline benzoylation produrt were isolated, The constants the tertiary 
amine, after purification showed For comparison, some 
phenylpyrrolidine was synthesized from 1,4-dibromobutane and aniline, and picrates were from both 
compounds, mixed the picrates showed depression, Thus, the tertiary amine that obtained 
the reduction was 1-phenylpyrrolidine. 


After recrystallization from ethanol, the crystalline benzoylation product melted 90-91°, Elementary 
analysis this substance showed have the composition The substance was subjected hydrolysis 
means hydrochloric acid, and product, was obtained, Elementary analysis the 
showed have the composition Hence, result hydrochloric acid the 


substance gave not the expected amine but the product formed molecule 


Hydrolysis the crystalline benzoyiation product with alcoholic alkali yielded liquid amine having 
means sodium and For comparison, the benzoyl derivative 
N-2-butenylaniline prepared; melted mixture the two compounds melted without depres- 
sion, Hence, the crystaliine benzoylation product was the benzoyl derivative The forma- 
means hydrochloric acid may explained the occurrence, simultaneously with hydrolysis, 
the elements water the double 


the benzoylation the fraction 32° at4 mm) obtained the reduction 
means zinc dust and hydrochloric and acetic acids benzanilide, 
was obtained, 


the above-given results our experiments show, under the conditions 
that have studied leads formation and aniline, have 
found that not reduced zine dust conjuncticn with hydrochloric and acetic acids 
40-50°, and exciudes the possibility the intermediate formation stage 

the There the possibilicy that the first stage the reduction 1-phenyl- 


has been established the Lipp and Markwalder that and N-phenyl-2- 
cai exist only the form Thus, Lipp found that, when aniline reacts with 
hexanone, the formed, When attempts were 
made the free base from the hydrobromide, hydrolytic opening the piperideine ring occurred, and 
6-phenylamino-2-hexanone was formed, When the 6-phenylamino-2-hexanone was treated with acids, the 
piperideine ring was reformed give salts the reduction 
6-phenylamino-2-hexanone with tin and Lipp obtained 
Markwalder showed that, similar way, attempts made isolate the free base from the 
lead hydrolytic opening the ring and formation 
the reduction 5-phenylamino-2-pentanone means tin and hydrochloric acid, 
was 


the basis all these considerations may that the formation and 
N-2-butenylaniline the reduction proceeds the following way. 1-Phenylpyrrole (1) 


similar result was and Moller the hydrolysis the benzoyl a-methyl- 
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reduced 1-phenyl-2-pyrroline which,on the one hand, unites with two atoms hydrogen giving 1-phenyl- 


butyraldehyde The aldehyde (IV) reduced (V), which dehydrated 
give N-3-butenylaniline (VI), which into 1-Phenylpyrrolidine can 
formed also another way, namely cyclodehydration (V). 


may supposed that aniline formed the splitting N-2-butenylanitine hydrogenation, 
Further experimental study the reaction necessary order determine this explanation 
the mechanism the reduction correct. 


(VI) 
EXPERIMENTAL 


Mucic acid 0.2 mole) was added with constant stirring aniline (37.2 0.4 mole) 
heated The mixture was heated for and was allowed stand for several 
had then grown hard and readily broke down into light-yellow powder, The aniline mucate obtained was 
carefully ground with aluminum oxide (42 g), and the mixture was 200 round-bottomed flask 
fitted with condenser arranged for The flask heated oil Distillation 
bath temperature terminated 340°, The main portion the distillate came over bath 
Cistillate was acidified with hydrochloric acid, and the was steam-distilled off, filtered 
off, washed with water, and 


and dri over sulfuric acid (15.8 M.p. after 
sublimation: 


is 


Expt. Aniiine mucate was prepared from mucic acid (42 0.2 mole) inexpt. The salt 


commenced 220° and finished 320°, was isolated from the distillate described above 


Zinc dust (120 conc, were added small portions with energetic shaking solu- 
tion 1-phenyipyrrole (20 glacial acetic acid (200 ml). The temperature the reaction mixture was 
constantly maintained within the range Addition zinc and hydrochloric acid occupied 
the following hr, the mixture was agitated and was warmed the water-bath 
The was covied, rendered alkaline with caustic soda, and The yellow oil that 
went over into the distillate was extractéd with ether, and the ether extract was dried over fused caustic potash, 
The ether was driven off, aad the residue was dried means barium oxide 110-120° for hrs and then 
fractionated mm. The following fractions were obtained: 
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Analysis Fraction 
Found 81.93; 81.95; 8.79; 8.81; 9,50; 9,36 


order obtain sufficient material, the reduction under these was 
several times, When the and dried product the reduction was vacuum- 
distilled, the fraction was collected, and this was subjected further investigation, 


the Fraction mm), The substance (16 was 
emulsified 10% caustic soda solution (70 and over hour with vigorous agitation benzoyl chloride 
(14 was added portions, The excess benzoy! chloride was hydrolyzed warming. The upper layer 
mixture and substance) was separated, washed with water, and then extracted with 


10% hydrochloric acid, The crystalline substance was filtered off, washed with water, and dried desiccator 
over sulfuric acid, 


1-Phenylpyrrolidine, The hydrochloric acid extract, the filtrate, and the 
washings were united, The resulting solution was alkaline means caustic soda, and.the oil that 
was extracted with ether, The was dried means fused caustic potash, The residue 
remaining after the ether had been driven off was The product was (8.6 


Picrate warm ethereal solution picric acid (2.29 mole) 


prepared from 1,4-dibromobutane and aniline had the following 
mm; The picrate prepared from this preparaiion and recrystallized 
from ethanci melted admixture with the picrate obtained the reduction 
melted without depression, 


The Benzoyl Derivative The crystalline benzoylation product 
(11 melted After three recrystallizations from ethanol, the benzoyl derivative N-2- 
butenylaniline, was obtained, 


The derivative N-2-butenylaniline dissolves warming ethanol, acetone, and 

ether; prisms from ethanol, The prepared one the reduction 

3,6-dihydro-2-phenyi-1,2,2H-oxazine with sodium and was benzoylated, The 
after recrystallization from ethanol, melted with the benzoyl derivative N-2-but- 
enylaniline obtained the reduction melted without depression, 


Hydrolysis the Benzoyl Derivative N-2-Butenylaniline means 
Hydrochloric The benzoyl derivative (10 and conc, HC1(100 ml) were introduced into 
flask fitted with reflux The mixture was boiled for hrs, was then cooled, diluted twice 
with water, and the acid was extracted ether, The acid solution was rendered alkalins with 
caustic soda, and the oil that separated was extracted with ether, The ether extract was dried with fused caustic 


potash, The residue after removal ether was under The fractions 
were 


Fraction partially crystallized out, The crystals were filtered off and washed with absolute ether, 
substance (2,0 m.p, was obtained, M.p, after recrystallization from 
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Hydrolysis the Derivative N-2-Butenylaniline with Alcoholic. 
The benzoyl derivative and solution caustic potash alcohol (20 ml) were 
introduced into flask fitted with reflux condenser, The mixture was boiled for hrs, The contents the flask 
were cooled and diluted with ether; benzoate was extracted with water, The solution was 
extracted with 20% hydrochioric The acid extract was washed with ether, rendered alkaline with caustic 
soda, and the oil that separated was extracted with ether, The ethereal solution was dried with fused caustic 
potash, the ether was driven off, and the residue was fractionated, (1.5 was obtained; 


Zinc dus and (100 ml) were added portions time over with 
vigorous agitation solution (20 glacial acetic acid (200 ml), The temperature 
the reaction mixture was the range During the following the reaction mixture 
was and kept 40-50° The mixture was cooled, made alkaline with 
Caustic soda, and Further treatment was carried out the previous experiment. the 
iction product under pressure, the following fractions were collected; 


The substance (1.4 was emulsified 10% caustic soda 
the emulsion, and the mixture for 

talline was off, washed with water, dried desiccator 


1-phenyl- 
ove The temperature was maintained 
alkaline with caustic soda, and steam- 


benzoyl derivative 
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SUMMARY 


investigation has been made into the reduction means zinc dust and 


hydrochloric acid and means Zinc dust conjunction with hydrochloric and acetic acids 
and 


has been that, when reduced under the conditions used this work, 
unites with four atoms hydrogen with formation and 


explanation has been proposed for the mechanism the reducticn involving 
the intermediate formation 
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BRIEF COMMUNICATIONS 


SYNTHESIS aND PROPERTIES ALLYLSILANES: TRIALLYLCYCLOHEXYL- 
AND ALLYLTRBUTYLSILANE 


with which they and undergo with vinyl-type compounds (styrene, vinyl 


chloride, acrylates), However, very few representatives this series have yet been synthesized; also, all the known 
sila-hydrocarbons contain only aliphatic Whitmore [2] obtained [3] 


Petrov and Mironov Post (5] and 


EXPERIMENTAL 


this investigation have prepared for the first time the indicates and 


aiso the the first two syntheses used the usual method ior the 
preparation via alkyl-or aryl-magnesium the begun ether 


and complered heacing subsequent syntheses the reaction was carried 
out 


bromide, taken molar ratio 1:4, were poured into absolute ether containing After the 


complex had been broken down means ammonium the initial 


was The pure was obtained only after further treatment with 
bromide and heating Yield 60% 


Triallyicyc.ohexyisilane This was synthesized the same way. Yield 42% 


che ether riwes off, the residue the flask was heated boiling 
water bath, reaction product was decomposed with ammonium chloride, and the was 

was prepared adding mixture allyl bromide and 
magnesium, The nroduct was purified indicated above, Yield theoretical, 


Hexabutyldisiloxane had the following properties: 198-200° mm; 0.8553, 


Found 13.84 
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TABLE 


Aliylsilanes 


194-195° mm; 8.16; 10,09; 10,13 


1.4534; 0.8031; 


Magnesium, The ether was driven off, and the was off without first breaking down the complex, 
Yield 37% The the that prepared given the table, 
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THE REACTICNS DIENIC HYDROCARBONS WITH NITROSO COMPOUNDS 


AROMATIC COMPCUNDS 


the previous papers [1,2] was shown that 1,3-butadiene, and 2,4-hexadiene add 


aromatic nitroso compounds according the scheme the diene synthesis with formation derivatives 3,6- 


44 


was expected that the addition between dienic hydrocarbons and compounds leading 
the formation 3,6-dihydro-i,2,2H-oxazine derivatives would have general character, The experimental data 
that bring forward this paper this supposition, 


have prepared addition products aromatic nitroso compounds with 
was added nitroso compounds, ether was used Two compounds were formed the reaction between 
and nitrosobenzene, The first almost ether and consists colorless 
glistening needles, This substance begins separate the walls the reaction flask soon 
after the addition the dimethylbutadiene the ethereal solution nitrosobenzene, while the reaction 
has green color, The nature the substance m,p. has not yet been The second 
substance, which (Ia), scluble ether, This substance was 
(Ia) with zine and glacial acetic acid leads the formation 
anhydiide gives the diacetyl which b,p, mm, 


CH, CH, 
CH, 


p-tolyl 


the reaction 2,3-dimethyl-1,3-butadiene and the reaction being the same 
the reaction with nitrosobenzene, the ether-insoluble substance was not obtained, From the rcaction 


The reaction 1-phenyl-1,3-butadiene with nitrosobenzene was carried out ethanol and pyridine, 
When ethanol medium was used, the adduct Va), m.p. was obtained with yield 
When pyridine medium was used, the yield the adduct was only 55%, the reaction 
butadiene with ethanol, adduct (IVb Vb), m.p, 46-47, was obtained 80% yield. 
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CH, 
= p-t CH, CH, 
CH, 
phenyl 
p-tolyl 
nitroso compounds were carried out 
with 26% yield was obtained 1,2,3,4,4a,6a,7,8, 
(VIa), m.p. the reaction with 
ater experiments, ethanol was used solvent, and these the adduct 
yield 43%, and the adduct 
and with were 
author ascribed the structure denoted 
with and the structure denoted 


and 


(16.4 0.2 mole) 


time, pale-yellow needle-like crystals 


quired orange color, The crystals 


9.07; 


and tre residue was vacuum-distilled, 


was obtained, After one recrystalliza- 


(18.9 0,1 mole) glacial acetic 
The bottle was closed with stopper 
added, and ihe was shaken for further 
from the The filtrate was cooled 
benzene extract was with water, the ene was 
almost co! viscous liquid, which 
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Diacetyl Derivative 2,3-dimethyl-4 


introduced into flask fitted with reflux The 
acetic acid ard excess acetic anhydride were then 


Found 69:81, 70.01; 8.07; 5.22 


were introduced into placed ice for one day, The ether was 


was steam-distilied, substance came over the 


62°). After one recrystallization from ethanol, coloriess fine were 


Sy 


line substance was off and washed and adduct (30.4 


Expt. ice-cooied solution (6.5 0.06 moie) pyridine was added 


two from ethanol, 


adduct (7.9 was form yeilowish needles, m.p. 82-83°, yield 55% theoretical, 


The adduct was off and with cold The yield 


Found 81.57; 6.94, 6.89; 5.66, 5.67 


ice-cooled solution (9.7 0.08 mole) 100 ethanol, The flask containing the 
mixture was ice days. colorless crystals separated, and the 


solution became The crystals filtered off and washed alcohol, The yield adduct 


Found 81.37, 6.96, 6.82; 5.86, 5.86 


the next day, the become brown. 
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acquired color after 


The resinous residue partially crystaliized 


The yield adduct, which was 
After one recrystallization from 


3.48; 5.29 
5.20 


(10.7 0.1 mole) were 
room temperature for hours, 
alcohol (the solution had become orange). 
mother Total yield was 11.5 (43% 
from ethanol was 


(VIb) 


standing. The crystalline substance 
form almost colorless crystals was 4.2 
were obtained, 


ically temperature for hours. 
¢ 
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CURRENT 


SESSION THE DIVISION CHEMICAL SCIENCES DEVOTED 


THE 125TH ANNTYERSARY THE BIRTH N.N.BEKETOV 


January 26, 1952, session the Divisicn Chemical Sciences the USSR Academy Sci- 
eaces and the Committee the History Chemistry, notable was celebrated —the 125 anniversary 


The contribution made Russian chemists worid Corresponding Member Kapust- 
insky when opening the session, indeed invaluable one. Weil-merited fame associated with 
the names Mendeleev, the Periodic Law, Butlerov, creator the theory the structure organic 
compounds, Zinin, pioneer the chemistry aniline compounds, Klaus, foremost chemist the field the piat- 

imum metals and discoverer ruthenium, Hess, founder thermochemistry, and the ‘cohort the which 
include Markovnikev, Zaitsev, cther foremost workers our native chemical science. 


celebrating the 125th anniversary the birth one the greatest chemists this brilliant period 
the history chemistry Academician Nikolay Nikolaevich founder modern physical chemistry 
remarkzbie scientist, whose numerous works, those thermochemistry, are deserving the highest 
praise render which due his services pioneer and continuator the work 


paper the life and activities Academician N.N.Beketov was read candidate for 
evident that Beketov was close touch with such celebrities chemistry Zinin, Butlerov, and Zin- 
influence had its effect the molding Beketov while his association with Professor 

notable educator, helped him acquire aptitude teacher. aim was work St.Petersourg with 

the celebrated chemist Zinin, but this could not arranged. there was available post for him St.Peters- 

burg, wa. compelled take duties assistant lecturer Kharkov University, where worked for 
ears. talented lecturer, enjoyed great popularity, and his drew large 


took the training specialists his native land: organized practical work and 
scientific investigations for his students and gave also supplementary lecture course entitled "The be- 
tween Physical and Chemical With the furthering science and provicing training for chem- 

years before such courses were introduced into the curriculum Western universities, began deliver.a course 


international congress chemists the sixties the last century, the fundamental concepts 
Lomonosov atoms and molecules were formulated anew. After the congress, wrote: “It clear that 
was concemed with questions about the structure matter general and about the molecular and atomic changes 
that occur matter, The and clarity his views this subject are most impressive; had arrived 
reasoning concept that took its place science only century therefore easy see why his con- 

only understand him, but even treated his ideas hostile 


reacted actively and warmly the discoveries his brilliant his correspondence 


sending your the Study Organic Your book could not more opportune, this 
present transitional period, Al! those here who are concerned with chemistry thiak very highly your book; they 


fell upon with eagerness, particularly your name, closely associated with recent progress and new tends 
science, endows with special 


periodic law with work and the mind genius was required 
for the development this exact system. Dmitri through his great insight, was led make alterations 
certain atomic weights, and, finally, the periodic that had created showed him that certain gaps existed 
the sequence weights, and, with the boldness the man who believes the law that has 
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predicted the existence, and discovery, the missing members the elem- 
law had hitherto existed chemistry that would permit the prediction the existence this 


element particular atomic weight and having certain physicochemical Such law was discovered 
and developed brilliant fashion Dmitri 


with Beketov's active participation, society for science was Kharkov Un- 
Also, stated Turchenko, Beketov's scientific work was esteemed byZaitsey and Butlerov, who pre- 
sented Beketov for election corresponding the Academy Sciences, their presentation address, 
made November 1877, stated that "Beketov undoubtedly holds the most honcied places among sen- 
for Russian chemists, commenced his scientific activity 1853 and has continued wich success 
the present time, The outstanding feature Professor work its concern with fundamental ques- 
tions that say, with those questions whose solution has special importance for the science," 


After the death the senior Russian chemist Zinin, Butierov put forward the names Mendeleev and Beke- 
tov candidates for the vacant chair chemistry and technology. However, the governing body active- 


opposed this proposition and put forward the name Beilstein. Right his death, Butlerov for the 
Russian science and Russian 


world-view was formed under the favorable influence the ideas the 

The following occurs his manuscripts: possible that the monarchy, the army, the war, 

the police, and the government, etc., are really necessary fur the hum- 


anity the answer given: “yes, they are necessary bump.on the forehead man 
-in space that devoid light.* 


tsarist 


Beketov his attitude socialists and communists the following words: one knows 
whose hands the fate the people lies and hew difficult under such conditions for the people organize soci- 
for their own convenience and not for that the government, impossible not sympathize with every 
attempt find and (national) foundations for the social Everyone, course, has heard 


the socialists and communists, but everyone has also hastened convince himself that these are local utopians 
without taking the trouble become acquainied with new 


werk physical chemistry was discussed Professor N.A.Izmail Kharkov University. During 


the years his scientific activity said witnessed the birth great many views chem- 


istry; some them others With very few exceptions, all researches physical chem- 
istry were devoted chemical affinity and the way which this affinity determined the properties the 
elements, Beketov examined various aspects the relation between and properties: the 


ics affinity, relation between the stability compounds and the structure the atoms, their volumes, and 
the changes i in volume in the 


har the formation the compounds, the observed the heats forma- 
tion compounds, the energy the elements and result his examinaion these prop- 
erties, established the exceptional reducing properties 


his thesis, the results his investigations the displacement one element another are 
drought his physical chemistry course, points out the limitations principle, which does 
not permit fall temperature chemical process. Beketov asserted that chemical change occurring 
without the performance external work proceeds only the direction leading the greatest evolution heat, 
and every system tends change into one that corresponds the greatest evolution Bekewv ended his 
analysis principle with the words: “and for this reason, Berthelot’s principle must, any case, 
garded incomplete and Beketov introduced the concept pressure", which close 
the concept “degree examined the conditions under which reactions proceed when one 


endothermic reactions. 


was interested mere facts; every experiment that carried out was de- 
signed the object developing and confirming his views. made number generalizations about heat 
effects, illustration the great evolution heat that occurs when compounds are formed with accompan- 
ying high made heat changes and contractions occurring the forma- 
tion bromides, iodides, and oxides. Beketoy established also the variability the heat reaction when. 
one displaced another, thus contradicting the assertions ce:tain chemists, who had declared 


constant, must ass_gned priority for his treatment heats which showed 
law. 
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assessing results from the point view modern concepts atomic the 
the chemical bord, and bond strength, marveled the insight this scientist, who penetrated deeply, 
the thermodynamic data, into the mechanism the formation the basis his theo- 


retical researches, arrived the correct explanation the reducing effect clays and developed the 
method aluminothermy. 


Having based his work the relation between the chemical behavior and their structures and 
properties, considered also the possibility their undergoing change; expressed the view, which quite 
correct, that atoms should found divisible, then processes involving this would quite differ- 
ent character from chemical would accompanied enormous changes expressed 
this idea particularly clearly his lectures thermodynamics Moscow University 1890: may suppose 
that elements were formed from matter that was stiil more dynamic thaa they are themselves and that they have 
tained sume fraction the energy that was evolved, probably very large amount, their 


Owing his attitude toward the elements, was prepared for the discovery radioactivity, and took 
great interest article "The Energy the expressed completely correct views the mech- 
anism radipactive the source the energy radioactive changes, and the stability the 


said that name had gone down the history science primarily that 
the founder physical chemistry, one the originators the mass-action law, the founder aluminathermy, 
the chemist who first opened the question the relation between the structure and the the elements 
and solved his own way, and the chemist who correctly stated the question changes the elements and 
the energy changes accompanying these 
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Dear Comrade Editor, 


papers the when was concerned with the investigation the prop- 
erties addition products furmed betweea metal salts and unsaturated compounds, introduced the 


ideas, concepts, and language the so-called “theory resonance® order explain the complex chemical be- 
havior these compounds, 


recent years has become more and more clear that the “theory resonance and 
methodologically invalid, and use for investigation purposes, 


came forward with criticism the *resonance number meetings, particular open 
the Seminar the Chemistry Faculty the M.V.Lomonosov Moscow State and 
other places, Later, together with seven other authors, criticized the idealistic 


consider duty announce this letter that the concepts superposition structures, ionic 
and covalent contributions the state bonds, and the hybrid, resonance, mesomeric structure molecules, 
and certain other concepts, introduced into the literature mainly Pauling and Ingold and, regret say, taken 
fashion also me, are unscientific and must driven out 


follows from what have said that the explanations that gave for the pecularities chemical behavior 
compounds such as: 


are erroneous (they amounted the assumption the existence superimposed structures). 


critical examina.ion miy own work has shown that the matter value contained therein that 
which based theory the structure compounds classes indicated above, 


development for their synthesis, and their properties from the view the mani- 
festation the mutual effects atoms. 
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Decarboxylation Dicarboxylic Acids Fig. 
the Process (page 509). 
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